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CHAPTER 1
GENERAL INTRODUCTION
AND 
STUDY OUTLINE
Introduction
In the speech of children who are developing normally, characteristics can be 
observed that are similar to those found in dyspraxia of speech. When children 
try to pronounce unfamiliar words, articulatory complex words (i.e., tongue- 
twisters) or have to speak under stress, their speech production shows 
disruptions. Clinical tests are required to determine whether disruptions in 
speech development reflect a pathological condition or are momentary symptoms 
in long-term speech normalization (Shriberg, 1994). Especially over the past 
decade, many researchers and speech-language pathologists have focused clinical 
and research efforts on the nature, assessment and treatment of developmental 
apraxia of speech (DAS). Diagnostic procedures need to be refined in order to 
assess speech characteristics in an objective manner and subsequently to 
establish the underlying speech impairment (i.e., speech-language delay, 
phonological delay, phonological disorder, dyspraxia, dysarthria). Such 
information would help clinicians to develop appropriate and specific treatments 
for the wide range of developmental disorders of speech and speech motor 
behavior. The aim of this thesis was to develop appropriate diagnostic asses­
sment procedures in order to identify the core speech characteristics of school- 
aged children with DAS.
Terminology and definitions
Only recently, Shriberg, Aram and Kwiatkowski (1997) noted that the validity of 
developmental apraxia of speech (DAS) as a childhood speech disorder is one of 
the most controversial nosological issues in clinical speech pathology. In the 
paragraphs below, the major issues concerning terminology and definitions are 
briefly discussed.
Terminology
Apraxia of speech is a term that is frequently used in clinical practice to describe 
children with severe speech production difficulties. Although the literature on 
apraxia of speech dates back to the 19th century (see reviews in Crary, 1993; 
Hall, Jordan, & Robin, 1993; Rosenbek, Kent & LaPointe, 1984; Stackhouse, 
1992; Velleman & Strand, 1994), it remains a controversial diagnostic label, 
particularly in childhood communication disorders. Researchers and clinicians 
still disagree about the core characteristics of the disorder or even dispute its 
existence (Guyette & Diedrich, 1981). Among those who "believe" in the 
disorder, two opposing points of view prevail, reflected by the most frequently
used diagnostic labels: developmental verbal dyspraxia (DVD) and 
developmental apraxia of speech (DAS). The former label primarily focuses on 
the language (phonology) component of the disorder. The latter label expresses 
the idea that a motoric (articulatory) component predominates. Other names used 
in the literature are developmental articulatory dyspraxia, clumsy child 
syndrome, perceptuo-motor dysfunction, motor learning difficulty and 
developmental coordination disorder (DSM IV, 1994, pp. 53-54).
The different points of view are best reflected by the definitions proposed 
over the past few decades. Some of the most influential definitions are reviewed 
in the next section.
Definitions
Developmental apraxia of speech (DAS), or DVD, is a disorder that is more 
easily defined by what it is not, than by what it is. DAS is characterized by 
unintelligible speech which is not due to hearing impairment, not due to 
anatomical deficits of the speech organs, not a neuromuscular disorder, not 
dysarthria, not a cognitive disorder and not a receptive language disorder.
An early and frequently quoted definition introduced by Darley (1969), cited by 
Deal and Darley (1972), has been refined over the following years (e.g., 
Rosenbek, Kent, & LaPointe, 1984), but the essence has not been altered. Darley 
defined apraxia of speech as:
•  “.... an articulatory disorder resulting from impairment, as the result of 
brain damage, o f the capacity to program the positioning of speech 
musculature and the sequencing of muscle movements for the volitional 
production of phonemes. The speech musculature does not show 
significant weakness, slowness, or incoordination when used for reflex 
and automatic acts." (p. 639)
This definition suggests that apraxia of speech is a disorder that results from a 
deficit in output processes at the level of movement planning. Other, more 
recent, definitions which suggest that DAS is primarily a problem in speech­
motor planning are:
•  “In DAS, the child has difficulty carrying out purposeful voluntary 
movement sequences for speech in the absence of paralysis o f the speech 
musculature." (Strand, 1995, p. 127)
•  ".... the differential diagnosis 'developmental apraxia of speech' has 
been assigned to a subset of children who differ from children with other 
developmental speech disorders in that their articulation errors are 
accompanied by apparent difficulty in producing and sequencing the 
volitional (voluntary) movements (non-imitative) that generate speech." 
(Hodge, 1994, p. 92)
•  ".... an impairment in the mechanisms for programming movements for 
speech production ...." (McNeil & Kent, 1990, p. 318)
"... a neurologically based disorder in the ability to program movements
for speech volitionally in the absence of impaired neuromuscular 
function" (Smith, Marquardt, Cannito, & Davis, 1994, p. 82)
"In its purest form DAS is a disorder of the ability to translate phonemic 
and linguistic codes to differing planes of movement over time." 
(Hayden, 1994, p. 120)
•  "DAS is a motor speech disorder in the ability to regulate control over 
movement sequences. DAS is a separate disorder that requires a motor 
treatment, although it will probably co-occur with other neuromotor 
deficits. DAS is remediable i f  the clinician knows that control o f speech 
movement must be the focus of treatment." (Square-Storer, 1994, p. VI)
In contrast to the motoric explanations, several researchers emphasize that the 
speech problems of children with DAS primarily result from deficits in linguistic 
processing. Some definitions that reflect the latter perspective are:
•  “.... DAS is a phonological disorder o f cognitive origins ....” (Panagos & 
Bobkoff, 1984, p. 39)
"Apraxia is difficulty forming sounds into words. The term 
developmental apraxia is used when children have this problem." 
(Williams, 1988, p. 121)
•  “Language apraxia errors occur at a level of selection and ordering of 
phonemes that is prior to the articulatory implementation of vocal tract 
shapes. That is to say, they are committed above the level o f phonetic 
execution. For this reason, errors at the phonological level are more 
appropriately language errors as opposed to speech errors. 
Consequently, they are further away from anything directly motoric. ” 
(Buckingham, 1983, p. 276)
The nature o f  DAS
Based on the ongoing debate regarding the deficits underlying DAS, expressed in 
the definitions, it appears that DAS is best viewed as a multi-symptomatic 
disorder (Ozanne, 1995) caused by a motor disturbance and associated language 
deficits. Most of the definitions of DAS comprise deficits in speech planning and 
programming. Adapting the cascade model of speech production proposed by 
Ozanne (1995), children with DAS exhibit deficits at three levels of speech 
processing. These levels are: phonological planning, phonetic programming and 
speech motor control. At the first level of phonological planning, the child 
selects the phonemes and sequences them. At the second level, a phonetic 
program is assembled based on the phonological plan. The third level involves 
the implementation of the phonetic program. Many of the speech characteristics 
associated with DAS can be interpreted as breakdowns at one of these levels in 
the speech production process.
Choice ofterminology: DVD or DAS
The shift in terminology in the studies reported in this dissertation (i.e., from 
DVD towards DAS) follows the shift in the international literature. This 
terminological shift is accompanied by a shift in research focus. At first, research 
activities were aimed at errors in speech sound production by means of 
transcription. The observed symptom clusters were associated with the diagnostic 
label of developmental verbal dyspraxia (DVD) according to the interpretation 
that the speech patterns resulted from deficits in phonological processes. In later 
years, the focus of research switched to speech-motoric aspects, as part of 
developmental apraxia of speech (DAS). These motoric aspects were 
investigated by means of specific tasks and acoustic analyses.
The term ‘developmental apraxia of speech’ puts emphasis on phonetic planning 
and motoric implementation. The theoretical notion that DAS is primarily a 
motoric speech disorder (Hall, 1992) is becoming widely accepted in the clinical 
literature. From this perspective, the language (phonological) difficulties should 
be regarded as co-occurring problems. Over the past five years, ‘developmental 
apraxia of speech’ has been used most frequently as a diagnostic label for the 
speech disorder in clinical practice (Dodd, 1995; Hall, et al., 1993).
Description of DAS
Although DAS appears to be a distinct entity, its occurrence in a 'pure' form is 
relatively infrequent. It often occurs in combination with dysphasic- or dysarthric 
speech characteristics, as well as in conjunction with oral dyspraxia. Guyette and 
Diedrich (1981) stated that no single pathognomonic symptom is exhibited by all 
children with DAS. By now, the multi-symptomatic nature of DAS is generally 
accepted. It means that there is no single symptom that can be used to diagnose a 
child as having DAS and also that there is no symptom of DAS that cannot be 
found in children with other speech disorders (Hall, et al., 1993; Stackhouse, 
1992). To date, studies that have tried to isolate a single characteristic that 
differentiates DAS from other childhood speech disorders, or to identify the 
diagnostic marker for DAS1 have not been successful. As a consequence, the 
diagnosis of DAS has to rely on a cluster of characteristics, none of which refer 
uniquely to the disorder.
Developmental apraxia of speech, as an entity, is poorly defined (see above), but 
certain speech characteristics have emerged from studies performed in the past 
few decades, most of which were based on relatively small clinical samples. To 
define a sample of children with DAS, the following inclusion and exclusion 
criteria have generally been applied: (a) unintelligible speech, (b) age-appropriate 
language comprehension; (c) deficits in expressive language skills; (d) no 
evidence of muscle weakness; (e) normal hearing and (f) intellectual abilities 
within the normal range. More specifically, the most commonly reported speech 
characteristics of DAS (derived from Hall, et al., 1993; Murdoch, Porter, 
Younger, & Ozanne, 1984; Ozanne, 1995; Pollock & Hall, 1991; Stackhouse,
Recent studies by Shriberg, Aram and Kwiatkowski (1997) have addressed the problem 
of whether a diagnostic marker for DAS can be identified using several clinical samples.
1992; Velleman & Strand, 1994; Williams, Packman, Ingham, & Rosenthal, 
1980) are:
•  differences in performance on voluntary ('on demand') versus 
automatic speech
•  trial-and-error and struggle, groping behavior
•  increased errors with increased performance load
•  sequencing difficulties with phonemes and syllables
•  inconsistency in articulation
•  deviant consonant and vowel productions
•  speech errors that are not typically immature.
The first characteristic says that automatic or reactive speech is usually spoken 
without any errors, whereas volitional or purposive speech contains one or more 
of the listed deviations. Typically, errors consist of substitutions, additions, 
repetitions, prolongations and transpositions of phonemes. These errors are not 
attributable to disturbances in muscular strength or coordination. In addition to 
the overt phonemic errors, children with DAS sometimes show visible or audible 
groping for the correct articulatory postures and show oral-motoric limitations. 
Articulatory errors involve consonants more often than vowels and are 
inconsistent and highly variable. Errors of substitution are often close 
approximations of the target sounds. It is said that the frequency of 
perseverations, anticipations, or transpositions, as compared to paradigmatic 
substitutions, is relatively high. More errors occur in consonant clusters and 
multi-syllabic words than in singleton consonants or short words; there is a 
general tendency towards an increase in errors as the articulatory complexity 
increases.
Etiology and prevalence of DAS
Etiology
A major problem in finding the etiology of DAS is that the disorder is mainly 
defined by exclusion. DAS is a severe, developmental speech problem, which is 
not caused by other deficits (e.g., sensory disorders, cognitive disorders, 
neuromuscular disorders, receptive language disorders, or emotional and/or 
pragmatic disorders). The implication of this type of diagnostic reasoning is that 
as soon as a neurological, auditory, neuropsychological or anatomical cause is 
found for the speech problem in a particular child, that child is no longer
classified as "purely" dyspraxic. Although the term "brain damage" has been used 
in the early definitions of apraxia of speech, independent evidence for a specific 
neurological basis of DAS is usually lacking (Aram & Glasson, 1979; Gubbay, 
1978; Horwitz, 1984). No clear association has been established between DAS 
and any particular perinatal risk factors. Although some relationships have been 
identified between DAS and other aspects of information processing (e.g., 
deficits in sensory processing (Ayres, Mailloux, & Wendler, 1987; Groenen, 
Thoonen, Maassen, & Crul, 1996) or learning disabilities (Love & Fitzgerald, 
1984; Milloy & Summers, 1989)), the direction of the causal relationship 
remains unclear in these studies.
In the DAS literature, several studies reported gender ratios of 3:1 
(boys:girls) or even higher (Aram & Glasson, 1979; Aram & Nation, 1982; 
Betsworth & Hall, 1989; Bowman, Parsons, & Morris, 1984; Crary, Landess, & 
Towne, 1984; Hall, et al., 1993; LaVoi, 1986; Pollock & Hall, 1991). Several 
studies reported a familial component in DAS (Aram & Glasson, 1979; Aram & 
Nation, 1982; Crary, 1993; Hall et al., 1993; Milloy & Summers, 1989; Lewis, 
Ekelman, & Aram, 1989) which suggests that DAS is susceptible to genetic 
transmission.
Prevalence
Speech production is a highly complex task, involving cognitive, linguistic and 
motor skills (Levelt, 1989). It is therefore not surprising that developmental 
speech disorders are the most common communication disorders in children 
(Weiss, Gordon, & Lillywhite, 1987). The prevalence rates of children with 
developmental speech disorders reported in the literature range from 2.5 to 10% 
for the normal preschool/school population (Enderby & Philipp, 1986; Shriberg 
& Kwiatkowski, 1994). The classification controversy of DAS renders it 
extremely difficult to make adequate estimates of prevalence. Some reports 
(Morley, 1972; Shriberg & Kwiatkowski, 1994; Yoss, 1975) mentioned 
prevalence rates of between 0.125% to 1.3%. Higher rates can be expected when 
the prevalence rates of developmental speech disorders in which dyspraxia is not 
the foremost problem but forms part of the speech disorder are also registered.
Methods of research
Problems in the development of assessment procedures for DAS are: (a) the 
absence of agreed upon criteria to select a valid sample of children with DAS and 
(b) the lack of generally accepted testing, evaluation and scoring procedures to 
elicit and analyze a diagnostically relevant speech sample.
Subject selection
An important methodological problem is that there are no agreed upon criteria to 
diagnose DAS and consequently no well-defined criteria to select children with 
DAS. This problem is precisely why the study reported in this thesis was 
undertaken. However, a research population with a clear diagnosis is a 
prerequisite for the identification of speech symptoms that characterize DAS. 
Only if speech samples are obtained from clear cases of DAS can the analyses be 
assumed to reveal the most characteristic features of this disorder.
To tackle this problem, a three-stage selection procedure was used in this 
project which strived for maximum consensus from expert clinicians. In the first 
stage, information was used from medical and education records, speech 
evaluations from school speech-language pathologists and reports from school 
teachers. In the second stage, a short screening was carried out by the researcher 
to ensure that there were no accompanying, severe cognitive or neuro­
psychological deficits. In the third stage of selection, the recorded speech 
samples of the children were classified by certified speech-language pathologists 
into several diagnostic categories. Apart from classification, also severity ratings 
were obtained. Admission of a subject to the study required perfect (100%) 
agreement between the judges regarding the diagnostic classification.
Speech motor assessment
A diagnosis of developmental apraxia of speech has to be based on both 
segmental speech abilities (Crary, et al., 1984) and non-speech abilities (Aram & 
Horwitz, 1983). Speech-like behavior is considered to be an especially crucial 
component in the differential diagnosis of speech motor disorders (Johns & 
Darley, 1970; Kent & Rosenbek, 1983).
Principles ofassessment
Objectivity. In clinical practice, the absence of objective procedures to 
evaluate symptoms against diagnostic criteria specific for DAS, forces speech- 
language pathologists to rely on clinical impressions and subjective criteria to 
make a diagnosis. Although subjective judgments by speech-language 
pathologists were inevitable, in the present study we strived to achieve maximum 
standardization of elicitation, evaluation and scoring procedures. Moreover, 
acoustic analyses were deployed, where possible, to yield quantitative data and a 
higher level of objectivity. Several studies have demonstrated that objective 
procedures of measurement (e.g., acoustic) can provide greater insight into the 
error patterns than perceptual evaluations alone (Boers, Maassen, &
VanderMeulen, 1996; Lamers, Maassen, & Thoonen, 1992; Shriberg & Lof, 
1991; Walton & Pollock, 1993; Weismer, 1984).
Quantification. Clinical experience suggests that mixed forms of impairment 
in childhood speech motor disorders occur frequently. In order to assess the 
relative involvement of particular speech impairments, quantification of speech 
characteristics was applied based on objective measures (McNeil & Kent, 1991; 
Tyler & Figurski, 1992). Quantitative data enable clinicians to make treatment 
decisions, to evaluate therapeutic progress (in retrospect) and to make 
(prospective) predictions towards the outcome of therapy.
Components o f assessment. Related to the mixed impairments, a systematic 
(component) analysis of the speech mechanism has been proposed as an 
auspicious approach to speech assessment (Aten, 1983; Rosenbek & LaPointe, 
1978), because it enables clinicians to determine the type and locus of 
impairment (Netsell, 1983) and provides clearer objectives for treatment (Riley 
& Riley, 1984).
Objectives of the study
This study was motivated by the lack of an articulation test that yields a 
differential diagnosis of speech disorders in children. Although several tests are 
available to assess aspects of articulation and speech motor capacities in 
children, to date, no tests exist that yield quantitative measures of dyspraxic 
characteristics in speech production. Clinical diagnosis, in general, is based on 
subjective, perceptual judgments of speech symptoms, which are only indirectly 
related to the underlying speech deficits. So, the first aim of this study was to 
develop a procedure to yield objective, quantitative measures for speech and 
speech-motoric capacities in children, which are of relevance for the diagnosis 
DAS. In clinical practice, after the assessment of functions, decision rules are 
applied (either implicitly or explicitly) to obtain a differential diagnostic 
classification. The second aim of this study was to develop procedures/criteria to 
use the quantitative measures for the diagnostic differentiation between 
developmental apraxia, dysarthria and/or phonological involvement. Thus, this 
study aimed to develop a standardized assessment procedure for the elicitation 
and evaluation of speech and speech-motor behavior in order to obtain objective 
and quantitative measures which are specific for the diagnosis DAS.
Outline of the study
Developmental apraxia of speech (DAS) has gradually gained support as a 
specific clinical speech disorder, but it remains poorly understood. There is an 
urgent need for procedures that yield objective, quantitative measures of the 
relevant speech characteristics of DAS. In clinical practice, detailed 
characterization of speech based on objective assessment procedures is of critical 
importance to make an accurate diagnosis of the disorder, to establish an 
appropriate intervention program and to evaluate this intervention. From a 
theoretical standpoint, objectification and quantification of dyspraxic 
manifestations can provide greater insight into the exact nature of the disorder. 
This thesis has been written from a clinical point of view and primarily focuses 
on the assessment of developmental apraxia of speech (DAS) in children. 
Assessment procedures for DAS constitute an important supplement to the 
battery of neuropsychological assessments and contribute to clinical judgments in 
child neurology.
The first part of the thesis (Chapter 1) provides essential background information 
regarding the diagnosis of DAS (definitions and characteristics), the procedure of 
speech motor assessment and the main objectives of this project.
The remaining part of the thesis (Chapters 2 to 8) presents the diagnostic data 
and results. These chapters have been published in, or submitted to, journals on 
speech-language research and can be read independently, and in any order. In this 
thesis, the chapters are grouped together on the basis of the type of speech 
problems that reflect the main diagnostic issues. Based on two assessment 
procedures (i.e., word imitation tasks and maximum performance tasks), the 
phonological and articulatory capacities of 84 school-aged children were 
evaluated. A total number of 60 children with speech-language problems were 
selected by their school speech-language pathologists. An age-matched control 
group, consisting of 24 children with normal speech was selected by classroom 
teachers. Additional diagnostic information derived from screening and clinical 
judgments of certified speech-language pathologists was used to form rather 
homogeneous subject groups with respect to clinical classification and severity. 
The speech characteristics of the 11 most clear cases of developmental apraxia of 
speech, derived from the subject pool, are described in the Chapters 2, 3, 5, 6, 7 
and 8. The speech characteristics of the 9 most clear cases of spastic dysarthria 
are described in the Chapters 4, 5, 6 and 8. In Chapter 6 (validation study) and 
Chapter 8 additional subject groups were formed based on less restrictive
selection criteria. The procedure employed to select these subjects slightly 
differed from that used to select “pure” cases.
Chapters 2 and 3 deal with the phonological realizations of consonants and the 
contextual constraints upon speech sound production. The studies compare the 
performance of school-aged children with pure manifestations of DAS to 
agemates with normal speech.
Chapters 4 and 5 report the findings on speech tasks that assess the upper limits 
of the speech motoric system (so-called "maximum performance tasks") for 
spastic dysarthria only (Chapter 4), and for spastic dysarthria and developmental 
apraxia of speech (Chapter 5). Quantification of the speech symptomatology by 
means of acoustic measures was an important goal in order to establish 
differential diagnoses. In particular, Chapter 5 yields a detailed procedure for a 
speech-motoric diagnosis.
Chapter 6 addresses the clinical validity of the diagnostic procedure described in 
the previous two chapters to differentiate children with speech characteristics of 
DAS from other normal and pathological subjects.
An important step towards clinical application of “maximum performance tasks” 
(MPTs) is dealt with in Chapter 7. This chapter focuses on the development and 
use of an automated computerized system for the analysis of maximum speech 
performances. Such a system, integrated with a database in CSL, enhances the 
potentials for establishing differential diagnoses and use in clinical practice.
In Chapter 8, the research findings for DAS reported in Chapters 2 and 5 are 
extended with the performance of other subject groups with speech disorders, 
based on perceptual as well as acoustic evaluations.
In Chapter 9 the main results of this thesis are summarized and discussed. The 
main topics addressed in this chapter are (a) the specificity of the speech 
characteristics as signs of DAS, (b) interpretation of the research findings 
towards the underlying deficit(s) of DAS and (c) some future perspectives in 
experimental research and clinical assessment.
CHAPTER 2
TOWARDS A STANDARDIZED ASSESSMENT PROCEDURE
FOR
DEVELOPMENTAL APRAXIA OF SPEECH
Geert Thoonen, Ben Maassen, Fons Gabreels, Rob Schreuder and Bert de Swart
Slightly adapted version of article published 
in
European Journal o f Disorders ofCommunication, 1997, 32, 37-60
Abstract
This study addresses the assessment o f developmental apraxia of speech (DAS) 
in children. For this, eleven children with a clear diagnosis o f DAS were 
selected, based on documented speech history and perceptual evaluation of 
speech. The children with DAS, as well as eleven children with normal speech, 
produced singleton real word and nonsense word imitations elicited in a 
standardized way. Phonetic transcriptions were analyzed and errors in 
consonants classified. The results showed, firstly, that the children with DAS 
produced similar types o f consonant error as those reported in the literature, 
which corroborates the method o f elicitation as a valid procedure to assess 
relevant speech symptoms of DAS. Secondly, large quantitative differences were 
found between children with DAS and those with normal speech, in that children 
with DAS produced an overall higher rate o f singleton consonant errors 
(substitutions, omissions, distortions) and cluster errors (cluster reductions). In 
the DAS group, the substitution-rate, particularly in real words (as opposed to 
nonsense words), was significantly correlated with severity as rated by two 
speech and language pathologists. This suggests that substitution-rate yields an 
adequate measure o f severity o f DAS. Thirdly, a qualitative difference emerged 
between the two subject groups. Children with DAS did not benefit from the 
lexical status o f the utterance (real versus nonsense word) to the same extent as 
the normal children. Based on these findings, the nature o f the underlying 
deficits in speech production in DAS is discussed.
Introduction
In clinical descriptions of developmental apraxia of speech (DAS), quantitative 
data on speech characteristics are not commonly reported. Articulation tests for 
children are administered to assess an articulatory or phonological retardation, 
which can form the basis of a developmental score. To date, no published tests or 
standardized assessment procedures exist to assess developmental apraxic 
characteristics in speech or to establish a differential diagnosis of DAS. As 
recently argued by Hall, Jordan and Robin (1993), DAS is a diagnosis based on 
speech characteristics that are seldom uniquely descriptive for the disorder. There 
are no non-speech diagnostic criteria to characterize DAS or differentiate DAS 
from other speech disorders. Thus, although DAS is often referred to as a 
neurogenic speech disorder, independent evidence for neurological impairment is 
lacking in most cases (Aram & Glasson, 1979; Gubbay, 1978; Horwitz, 1984). 
The overview by Guyette and Diedrich (1981) shows that other non-speech 
characteristics, such as poor oral movement skills, and cognitive-, auditory- or 
orosensory deficits, also fail to differentiate DAS from other speech disorders. 
The absence of diagnostic criteria that are specific for DAS forces speech- 
language pathologists to rely on clinical impressions and subjective criteria to 
make the diagnosis.
Although no tests for the diagnosis of DAS are available, a review of 
research reports yields a consensus on the symptoms which indicate DAS. The 
most commonly reported symptoms are: deviant consonant and vowel 
productions, sequencing difficulties with phonemes and syllables, groping and 
trial-and-error behaviors, and inconsistency in articulation (Hall, Jordan, & 
Robin, 1993; Murdoch, Porter, Younger, & Ozanne, 1984; Stackhouse, 1992; 
Velleman & Strand, 1994). The methodological problem is that there are no 
agreed test procedures to elicit a representative and diagnostically relevant 
speech sample, nor are there validated evaluation procedures and scoring criteria.
The first aim of the study is to investigate whether a standardized assessment 
procedure for the elicitation and evaluation of speech for children with DAS can 
yield objective and quantitative measures of speech which are relevant for the 
diagnosis DAS.
Many authors have stated that children with DAS exhibit a severe speech 
disorder, which is persistent despite therapeutic intervention. This may not 
always be the case. It has recently been stressed that DAS presents itself along a 
continuum of severity (Aram & Nation, 1982; Hall et al., 1993). Moreover, 
Velleman and Strand (1994) indicated that the diagnosis DAS can vary with the
moment of evaluation during the developmental period. Cases have been des­
cribed which were initially diagnosed with a mild, rather restricted, articulation 
problem which, during the course of remediation, revealed definite dyspraxic 
symptoms (Hall, 1989; Love & Fitzgerald, 1984). Hall et al (1993) argue that 
severity ratings tend to be highly subjective. Severity may be assessed from diffe­
rent parameters by different professionals; clinicians also seem to differ on the 
weight assigned to different parameters.
The second aim of this study is to select those parameters that form adequate 
measures of severity. For this, a comprehensive set of parameters (error counts) 
are measured and correlated with severity ratings. Those parameters that show 
the highest correlations with severity ratings are the best candidates to be a 
combined into a severity score.
Thirdly, this study aims to characterize the patterns of consonant production 
upon their specificity for DAS. Although several types of phonological error 
indicate DAS (Aram & Glasson, 1979; Crary, Landess, & Towne, 1984; Jackson 
& Hall, 1987; Pollock & Hall, 1991; Rosenbek & Wertz, 1972), there is no 
consensus yet about the typical speech pattern (the relative frequency of various 
types of error). Crary, Landess and Towne (1984) observed a high frequency of 
consonant omission, cluster reduction, and consonant substitution in the speech 
of children with DAS. Stackhouse (1992) corroborated these findings but 
commented that children with normal speech produce similar errors, but less 
often. If the relative frequencies of speech errors for children with DAS differ 
from the relative frequencies for children with normal speech, then the observed 
speech pattern might be specific for DAS. On the other hand, if  children with 
DAS produce more errors than normals but the speech patterns of both subject 
groups are similar, as Stackhouse (1992) suggests, then only the quantitative 
difference remains. In the latter case, the overall error count would represent 
severity, as was mentioned above. To resolve this issue, it is not sufficient to 
study the speech symptoms related to developmental apraxia of speech 
separately. Instead, if  error patterns (i.e., relative frequencies of errors), are to be 
compared than one must make a comprehensive assessment of all possible error 
types within one and the same study, rather than identifying isolated error types. 
The error pattern allows for distinction to be made between specific and non­
specific speech errors. Moreover, error patterns not only reveal the strong and 
weak aspects of speech production for therapeutic purposes but also enhance our 
understanding of the speech disorder. An additional benefit of such a quantitative 
measure of speech performance is that it would allow objective evaluation of 
therapeutic progress.
The threefold purpose of the present study is to:
Examine a standardized procedure of speech elicitation (i.e., single 
word-imitation) to assess symptoms that are relevant for the 
diagnosis DAS.
Select a set of speech parameters that form a quantitative score for 
the severity of DAS.
Characterize the patterns of consonant errors that are specific for 
DAS.
Speech-error patterns of children with DAS, as compared to children with 
normal speech, will be assessed for real words and nonsense words as well as for 
syllable initial and syllable final position.
Method
Subjects
A three-step selection procedure was used to select eleven speech disordered 
children for this study. They presented the clearest cases of DAS (Appendix A). 
These children were selected from three special schools for speech and language 
disordered children in the south-eastern region of The Netherlands. The age of 
the children with DAS ranged between 6;02 and 7;09 years (mean 6;11). Eleven 
children with normal speech were selected from two elementary schools. These 
children were matched to the DAS group for age and gender. The age of the 
children with normal speech ranged between 6;00 and 7; 11 years (mean 6; 10). 
The DAS group and the control group were both made up of eight males and 
three females.
Subject selection procedure. A three-step procedure was used to select both 
children with clear DAS and normals. The first stage of the procedure used 
information from medical and educational records, speech evaluations made by 
the school speech-language pathologists, and reports from classroom teachers. 
Using school records, children were selected who:
Functioned within a normal range of intelligence (IQ-range between 
84 to 108 on standardized tests of intelligence).
Had no more than a slight hearing loss as measured by pure tone 
audiometric testing (maximum hearing loss of 25 dB at better ear). 
Had no structural problems in the speech organs that could be 
responsible for their articulatory problems.
Although no school records for speech and language performance were 
available for the children with normal speech, a normal level of functioning 
could be assumed from school performance and information from the classroom 
teachers. For the DAS subjects, the reports of speech-language pathologists were 
examined by use of the following criteria for dyspraxic involvement:
Deviant rather than immature articulatory behavior.
Poor production of consonants and vowels.
Sequencing difficulties of phonemes and syllables.
Inconsistent error patterns within and between sessions.
Inability to produce complex phonemic sequences (Hall et al., 1993; 
Stackhouse, 1992; Velleman & Strand, 1994).
Additional criteria were used to exclude children with:
Dysarthric symptoms, such as slow speech rate, imprecise conson­
ants, monopitch, hypernasality (Workinger & Kent, 1991; 
Yorkston, Beukelman, & Bell, 1987).
Only mild dyspraxic involvement indicated by unexpectedly rapid 
improvements in speech proficiency (Hall, 1989; Milloy & 
Summers, 1989).
The second step of the selection was based on the outcome of a short 
screening session, in order to be sure that the diagnostic procedure (i.e., 
imitation) was suitable for each child. This screening included phoneme 
discrimination in minimal-pair sound contrasts (Dutch Auditory Discrimination
Test, Crul & Peters, 1976), 10 minutes of spontaneous speech, and imitation of 
eight short sentences. Tasks of sentence imitation and conversational speech 
were used to determine that each child demonstrated a complete phonemic 
repertoire. Criteria on which children were excluded from the study were:
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•  Inappropriate auditory discrimination (more than 20% of items in 
error).
•  Incomplete phonemic repertoire (incapable of producing two or more 
phonemes).
•  Severe problems in auditory memory (unable to reproduce at least 
two semantic components of the presented sentences).
After the first and second phase of selection, the subject groups consisted of 
21 children with DAS and 24 children with normal speech. The third phase of 
selection required the speech characteristics of each child to be unequivocally 
classified by certified speech-language pathologists (University Hospital 
Nijmegen) as ‘dyspraxic’ or ‘normal’. Apart from the diagnostic categories 
'dyspraxia' and 'normal', the speech-language pathologists could select 
'dysarthria', 'dysphasia', 'functional articulation problem', and 'speech-language 
delay' as the type of disorder. The speech criteria used for dyspraxic or dysarthric 
symptomatology were identical to those used by the school speech-language 
pathologists in the first phase of selection. The diagnostic classes 'dysphasia' and 
'speech-language delay' were based on deviant linguistic skills and an immature 
phonemic repertoire, respectively.
Apart from classification, severity ratings were also obtained, on a four-point 
scale: normal speech (0); and mild (1); moderate (2); or severe (3) involvement. 
Both the classifications and severity ratings were based on tasks of sentence 
imitation and conversational speech which were assessed during the screening 
session. Admission to the control or the DAS group required a perfect (100%) 
agreement between judges in categorizing the speech as ‘normal’ (control group) 
or as ‘moderately to severely dyspraxic’, and ‘definitely not dysarthric’ (DAS 
group). Mild involvement of dysphasia, speech-language delay, or functional 
articulation disorder was accepted. Based on the diagnostic classifications and 
severity rating of both speech-language pathologists, 11 children with clear DAS 
remained. The speech of these children was uniformly rated by both judges as 
severely-moderately dyspraxic, with mild forms of speech-language delay or
dysphasia. The 10 children not selected for this study were classified as mildly 
dyspraxic with other concomitant speech and language problems.
Agreement between the judgements of both speech-language pathologists 
was assessed by calculating the Kendall coefficient of concordance on 
classification data. Agreement for the classification of DAS was perfect (100%). 
For the other classifications, the concordances (W) obtained indicated no 
significant differences between both judges (p > 0.10); W(A,B) = 0.0 for 
dysarthria; W(A,B) = 0.16 for speech-language delay; W(A,B) = 0.27 for 
dysphasia; WA,B) = 0.09 for functional articulation disorder. Given the limited 
information provided by the short speech samples, this level of agreement is 
quite satisfactory. The severity ratings from both judges were significantly 
correlated [Pearson Rank Correlation, r(A,B) = 0.74; p  < 0.01].
Descriptive subject characteristics. Table 1 shows some characteristics of the 
children with DAS, derived from questionnaires and educational records.
Table 1. Characteristics co-occurring with DAS.
Children with DAS
Characteristic Dl D2 D3 D4 D5 D6 D7 D8 D9 D10 Dll
Learning problems + + + + _ + + ? +
Language development problems +  + + - + + + + - + +
Word-finding problems - - - - - - + - ? -
Non-speech oral-motor function + - + + + + + + + +
Note. Characteristics, often co-occurring with DAS, were derived from questionnaires 
completed by the child's speech-language pathologist and educational records.
+ = Characteristics clearly found in subject description; - = Characteristics clearly 
absent; ? = No reliable information about trait available.
The educational records revealed the high co-incidence of DAS with learning 
problems (64%; 7/11 children) and language problems (82%; 9/11 children), 
which is regularly reported in the dyspraxic literature (Aram & Glasson, 1979; 
Ekelman & Aram, 1983; Milloy & Summers, 1989; Rosenbek & Wertz, 1972; 
Snowling & Stackhouse, 1983). The co-incidence of DAS with problems in 
word-finding (Hall, Robin, & Jordan, 1986) was low in the present study. There 
was only one mention of severe problems in lexical retrieval in the records of
children with DAS. Nine of the 11 children with DAS (82%) experienced 
difficulties with sequential non-speech oral movements as reported by their 
speech-language pathologists. A high incidence of oral dyspraxia in children with 
DAS is frequently reported (Riley, 1984; Rosenbek & Wertz, 1972; Williams, 
Ingham, & Rosenthal, 1981; Yoss & Darley, 1974).
Although it is not shown in Table 1 above, the 11 children with DAS showed 
an adequate hearing level as well as adequate auditory discrimination. This 
finding supports the general notion that auditory (decoding) processes are 
unimpaired in DAS in comparison to articulatory (encoding) processes. The 
disproportional high number of boys (72%) in the DAS group is not uncommon 
in dyspraxic populations (Aram & Glasson, 1979; Aram & Nation, 1982; Crary, 
Landess, & Towne, 1984; Pollock & Hall, 1991). Hall et al (1993) concluded 
that 74% of the children with DAS reported in literature are males. Similar, but 
less extreme, gender distributions are repeatedly reported for groups of speech 
and language disordered children (Ruscello, St.Louis, & Mason, 1991; Shriberg 
et al., 1986). The medical records yielded a family history of speech and 
language problems for six children with DAS (55%). Horwitz (1984) reported 
that a familial component in speech and language problems could be affirmed in 
70% of the cases.
Procedure
Test materials. The 11 selected children with DAS and the 11 children with 
normal speech were asked to do two word-imitation tasks. One task comprised 
the imitation of 30 multi-syllabic real words and the other task the imitation of 
36 two- and three-syllable nonsense words (see Appendix B). Sets of 
polysyllabic real words and nonsense words were selected that contain two types 
of consonant complexity. One set of real words or two sets of nonsense words 
were selected because the syllables contain similar singular consonants (sets 1, 4, 
and 5; Appendix B). The minimal contrast of phonemic pairs tend to induce 
particular types of articulatory errors (e.g., place substitution errors). The two 
remaining sets of real words were selected because they contain consonant clus­
ters (sets 2 and 3; Appendix B) of different articulatory complexity. Real words 
and nonsense words were used to assess the effects of lexical status on speech 
production. The real words (for example / ’m en em an / (take with you), 
/'k l0rpntlo t/ (coloring pencil)) were familiar to school-age children, and each 
child was known to be able to produce the requested phonemes in the nonsense 
words (assessed during the second phase of subject selection).
Speech examination. The responses of the children, produced in imitation of 
the oral presentation by the examiner, were tape-recorded and analyzed. Phonetic
transcriptions of the isolated real (Dutch) words and nonsense words were made 
by the first author. The procedures for testing, transcription, and analysis were 
performed according to protocol. The testing (i.e., application of single trial 
sampling of word-imitations) was accomplished in two sessions within two 
weeks. The duration of each session was limited to a maximum of 30 minutes to 
minimize the effects of any fall-off in concentration. The real words and 
nonsense words were orally presented to the subjects in a standardized order and 
at a standardized rate, and each stimulus was preceded by a carrier word (the 
word /zex/ (say) or /zi/ (see)). The subjects were asked to imitate the target 
words as well as the carrier word. If a child failed to say the carrier word, he or 
she was strongly encouraged to try it again. The responses were recorded on 
audio-cassettes, using a high-quality audio cassette-recorder. To guarantee a high 
and stable level of quality in speech recording, the subjects wore an adjustable 
headset (Shure, type SM10A).
Consonant analysis. The tape-recorded responses were replayed on a 
portable recorder through stereo headphones. The responses of all 22 children 
were transcribed by the same experimenter, who was familiar with the IPA 
guidelines for the phonetic transcription of Dutch consonants (IPA conventions, 
1989). The analysis was restricted to those real words and nonsense words 
preceded by a carrier word. If the child corrected an erroneous word production, 
the revised output was used in the analysis.
Based on the phonetic transcriptions, each segment considered in error 
(inconsistent with the target segment) was categorized as either a substitution, an 
omission, a distortion, an addition or as a dysfluency (e.g., interruption, 
prolongation). A substitution was defined as a phonetically accurate production 
of a phoneme deviating from the target, whereas a distortion was defined as a 
realization of the target phoneme with perceptible place, manner, or voice 
deviations. The additions of consonants and syllables, observed in real words and 
nonsense words, were classified as fluent when no audible interruption directly 
related to the added segment was present. This error type, the production of extra 
phonemes, is often described as a specific and persistent speech characteristic of 
DAS (Rosenbek & Wertz, 1972; Yoss & Darley, 1974). Examples of fluent
additions are: /'tik spel/ (game o f touch) uttered as ['stikspel], / 'f its ta s / (bicycle 
bag) as [ 'fits ta ts], and /'k le tskaus/ (chatterbox) as ['k letskauts]. Additions 
were classified as non-fluent when an audible interruption in speech fluency 
marked the location of the addition. Two types of non-fluent additions were 
distinguished: repetitions and self-corrections. Repetitions are reduplicated 
productions of the same speech sound or sequence of speech sounds, for
example, (pauses are indicated by a triple set of dots '...') the target word 
/lim o 'nada/ (lemonade) as [JL.lim o'nada] or /lokom o'tif/ (locomotive) as 
[loxom ot...tif]. Self-corrections are similar to repetitions, but one or more 
speech sounds are changed in the reduplicated production, for example, the target 
word /'hyts#pnt/2 (hotchpotch) is uttered as ['hups...'hu ts#pnt] or /lim o 'nada/ 
as [nim oJa...'nad8]. The latter examples of non-fluent word productions are
often described as audible manifestations of groping for articulatory postures in 
DAS (Hall, 1989; Rosenbek & Wertz, 1972; Stackhouse & Snowling, 1992;
Yoss & Darley, 1974). Examples of dysfluencies are: /fnpspen / (teat) as 
[fnpssspen] and /d a la ta / as [da...lata].
Transcription reliability. To determine the consistency in phonetic 
transcription, an inter-judge agreement study was carried out over the total set of 
66 words (30 real words and 36 nonsense words) each uttered by three children 
with DAS, randomly selected from the group of 11, and three children with 
normal speech. The latter children were matched for age and gender to the three 
children with DAS. The prime transcriber and two additional transcribers, each 
fully acquainted with the procedures of transcription, transcribed a total number 
of 1542 consonants with a mean number of 3.9 consonants per word. The mean 
rates of observed substitutions, omissions, cluster reductions, additions, and 
dysfluencies by the three judges were not different, as indicated by the non­
significant F-values (ANOVA) presented in Table 2. In addition, the agreement 
between the judges in the categorization of these errors was high, as indicated by 
Pearson correlation coefficients close to 1.00. The inter-judge agreement in 
categorizing errors as distortions was low.
The symbol # marks the syllable boundaries in real words with closed syllables.
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Table 2. Correlational measures o f the inter-judge reliability (N=3) for the 
transcriptions o f consonant errors produced by three children with normal speech 
and three children with DAS.
Error Type
Total Substitution Omission Distortion Addition Dysfluency Reduction
Correlation--------------------------
r( 1,2) 0.986*** 0,985*** 
r( 1,3) 0.997*** 0,993*** 
r(2,3) 0.996*** 0,998***
0,918**
0,967***
0,962***
0,738*
0,688
0,563
0,979* **
0,966***
0,941**
0,965***
0,987***
0,939**
0,995***
0,998***
0,993***
ANOVA
F(2,15) 0.025 0,093 0,159 1,775 0,052 0,163 0,111 
p 0.976 0,912 0,855 0,203 0,950 0,851 0,896
Note. Pearson correlations for consonant error types between three judges, with significance 
levels indicated as: *0.01 </?<0.05, **0.001 </?<0.01, ***/?<0.001. One-way analysis of 
variance (ANOVA) on mean judgment error scores: level of significance (p).
Statistical analysis. The percentages of singleton consonant error types 
(omissions, substitutions, distortions) and cluster error types (reduction, 
distortion, other) were calculated relative to the total number of consonant 
targets. The percentages of dysfluencies in speech were calculated relative to the 
total number of target syllables, whereas the percentages of fluent additions were 
calculated relative to the total number of additions (both fluent and non-fluent). 
These error percentages were arcsine transformed, using the formula 
2*ARCSINE proportion, in order to stabilize the variances (Winer, Brown, & 
Michels, 1991). The differences in error percentages were analyzed by means of 
ANOVA using a mixed design with ‘Subjects’ as a random factor. The effects of 
the following factors on the error percentages were tested for significance: 
Subject Group (DAS, controls); Word Set (real words, nonsense words), Syllable 
Position (initial, final); and Consonant Unit (singleton, cluster).
The syllable position of the consonants was determined in the following 
manner. For real words and nonsense words with an open syllabic structure 
(consonant-vowel) each consonant (C) was a syllable-initial consonant. For 
example, the /m/ in /lim o 'nad8/ and the /b/ in / 'p a b a ta /  were considered 
syllable-initial consonants. For real words with a closed syllabic structure 
(consonant-vowel-consonant), the singleton consonant that follows the medial
vowel was defined as syllable-final. For example, the first /p/ in / 'fn p sp en / is a 
syllable-final consonant (see Appendix B).
Results
In the first part of this section, the percentages of singleton consonant and cluster 
errors, relative to the total number of consonant targets, are analyzed for the DAS 
group and the control group. Comparisons are made for word set (real words and 
nonsense words) as well as syllable position (initial and final). In a subsequent 
part, the error patterns (relative frequencies of singleton and cluster error types) 
for both subject groups are presented. Two other error categories, dysfluencies 
and additions, are presented in the final part.
Singleton consonant errors by subject group and word set 
Percentages of singleton consonant errors are presented in Table 3. Children with 
DAS produced higher error percentages than control children in real words and 
nonsense words. A comparison of error percentages in real words and nonsense 
words revealed that both subject groups performed worse on nonsense words 
than on real words.
Focusing on the most prominent error type, namely consonant substitution, 
higher rates of substitutions for nonsense words than for real words and for the 
DAS group than for the control group were found. A univariate, two-way 
analysis of variance on the arcsine transformed percentages of substitutions 
(relative to the total number of consonant targets) revealed significant differences 
for the factors ‘Word Set’ [F(1,20) = 212.19, MSe = 0.01, p  < 0.001] and ‘Subject 
Group’ [F(1,20) = 91.69, MSe = 0.06, p  < 0.001]. Overall, the DAS group also 
omitted and distorted significantly more consonants than the control group. An 
analysis of the percentages of omissions and distortions revealed significant 
differences for ‘Subject Group’ [F(1,20) = 119.87, MSe = 0.02, p  < 0.001 and 
F(1,20) = 57.99, MSe = 0.03, p  < 0.001, respectively]. Omissions occurred only 
in real word imitation; the percentages of distortions in both real words and 
nonsense words were highly similar [F(1,20) = 2.53, MSe = 0.02, p  = 0.128].
Apart from the main effects, a notable interaction emerged between ‘Subject 
Group’ and ‘Word Set’ on consonant substitutions. Whereas the DAS group 
produced 2.2 times more substitutions in nonsense words than real words (38.0% 
versus 16.9%), approximately 12 times more substitutions were produced by the 
control group in nonsense words than in real words (11.3% versus 0.9%). The 
difference between these ratios was significant [t = 7,20, df = 20, p  <0 .001].
Table 3. Means and standard deviations o f percentages o f singleton consonant 
errors for children with normal speech and children with DAS on real words and 
nonsense words.
Set of Stimuli 
Real Words Nonsense Words
Error type Controls DAS Controls DAS
Omission 0.2%
[12.5%]
(0.4) 5.8%
[19.3%]
(2.5) 0.0%
[00.0%]
(--) 0.2%
[0.5%]
(--)
Substitution 0.9%
[62.5%]
(1.8) 16.9%
[56.8%]
(7.5) 11.3%
[87.5%]
(6.4) 38.0%
[83.7%]
(10.2)
Distortion 0.3%
[25.0%]
(0.7) 7.1%
[23.9%]
(3.5) 1.6%
[12.5%]
(1.4) 7.2%
[15.8%]
(3.9)
Total 1.4% (2.5) 29.8% (11.0) 12.9% (6.5) 45.4% (12.6)
Note. Percentages of consonants in error were calculated relative to total number of singleton 
consonant targets (for real words: 101 and for nonsense words: 90). The distribution of 
consonant errors over error types, expressed in percentages, are presented between square
/
Consonant singleton and cluster errors by subject group in real words 
As with the rate of singleton errors in real words, the DAS group produced more 
consonant cluster errors than the control group (Table 4). A comparison of the 
percentages of singleton and cluster errors revealed that every child with DAS 
produced a significantly higher percentage of cluster errors than of singleton 
errors [F(1,10) = 50.24, MSe = 0.02, p  < 0.001; for the whole DAS group] (see 
Table 3 above and Table 4 below). A similar pattern was shown by the control 
group, although the overall error rates for singleton and cluster errors were 
relatively low.
brackets
' Table 4. Means and standard deviations o f percentages o f consonant cluster errors 
for children with normal speech and DAS children on real words.
Real Words
Error type Control DAS
Reduction 3A% (2^0) 29.1% (15.7)
[75.6%] [59.9%]
Distortion 0.0% (--) 6.8% (5.2)
[0.00%] [14.0%]
Other 1.1% (1.4) 12.7% (9.8)
[24.4%] [26.1%]
Total 4.1% (2.7) 48.6% (23.1)
Note. Percentages of consonant clusters in error were calculated relative to total number of 
consonant cluster targets (for real words: 35). The distribution of consonant cluster errors 
over error types, expressed in percentages, are presented between square brackets. Cluster 
error types comprised cluster reduction (e.g., /ts/ produced as /t/]), cluster distortion, and 
other error types (i.e., cluster omission, cluster conflation (/ts/ produced as [f]), and cluster 
substitution (/sx/ produced as [sk])).
In summary, children with DAS made more consonant singleton and cluster 
errors than children with normal speech. Both subject groups produced more 
consonant errors in nonsense words than in real words. As a proportion of word 
production, the control group substituted 12 times more singleton consonants in 
nonsense words (ratio 1:12), whereas for the DAS group the error percentage was 
slightly more than doubled (ratio 1:2.2). For consonant cluster errors in real 
words, the DAS group produced 12 times more cluster errors than the control 
group. Moreover, the DAS group produced more cluster errors than singleton 
errors, a tendency also found for the control group.
Singleton consonant error patterns
The patterns of singleton consonant errors (relative frequencies of substitutions, 
omissions, and distortions) for the DAS group and control group were rather 
similar (see Table 3 above). In real words, substitutions were the predominant 
type of error for the DAS group (56.8% of 331 errors) as well as for the control 
group (62.5% of 16 errors). The two remaining error categories, distortions and 
omissions, also showed quite similar relative error frequencies for the DAS
group and the control group. In nonsense words, consonant substitutions 
dominated the error patterns of both subject groups even more strongly. Much 
smaller percentages of omissions and distortions were observed in nonsense 
words than in real words.
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Figure 1. Percentages of(singleton) consonant substitutions, omissions and distortions in real 
words and nonsense words as a function of severity ratings of children with DAS ranked from 
‘moderate’ [D1] to ‘severe’ [D11]. For the control group, the percentages of substitutions 
ranged between 2.1-13.1%, for omissions between 0.0-1.0%, and for distortions between 0.0-
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Figure 1 presents the individual patterns of singleton consonant errors made by 
the children with DAS. The relative frequencies of substitutions, omissions, and 
distortions were rather similar for most of the children: the percentage of 
substitutions was highest, followed by the percentages of omissions and 
distortions. Pearson rank correlations indicated a significant positive association 
between error percentages and severity of DAS for substitutions, omissions and 
distortions [/(severity, substitution) = 0.898, p  < 0.001; r(severity,omission) = 
0.861, p  < 0.001, and r(severity,distortion) = 0.708, p  < 0.01]. Across singleton 
error types, the rank correlation between severity ratings and singleton errors is 
[r(severity, singleton) = 0.828, p  < 0.001].
Consonant cluster error patterns
Most of the cluster errors (Table 4 above) produced by the control group were 
cluster reductions (75.6% of the 16 cluster errors), in which one consonant of the 
cluster is omitted. O f the 11 controls, 10 reduced at least one consonant cluster. 
Compared with the control group, the DAS group showed a strong tendency to 
reduce clusters (59.9% of the 187 cluster errors). A qualitative inspection of the 
cluster errors in the DAS group revealed the following. The plosive sounds in the 
clusters [nt], [st], and [ts] were most frequently omitted. Of the 237 /s/-cluster 
targets, 111 (46.8%) were produced incorrectly, with the majority of the errors 
due to an omission of the plosive sound (66.7%). Cluster reductions consisting of 
an omission of the first or the second cluster segment occurred in equal 
proportion. The category of other cluster errors, 26.1% of the total cluster errors, 
was predominantly cluster conflations (e.g., [t] for /sk/). Other types of cluster 
errors, such as substitution of one or both consonant(s) in a cluster, or cluster 
omissions, occurred rarely or not at all (Figure 2).
Individual patterns revealed that nine of the 11 children with DAS produced 
higher percentages of cluster reductions than other cluster errors (see Appendix 
A), and Pearson rank correlations indicated a significant positive association 
between severity of DAS and cluster reductions [r(severity, reduction) = 0.804, p  
< 0.001]. Overall, the rank correlation between severity ratings and cluster errors 
is [r(severity, cluster) = 0.830, p  < 0.001].
In summary, the distribution of singleton consonant errors over error types (error 
pattern) was similar for both subject groups, with substitutions being the most 
frequent error type followed by distortions and omissions, and the patterns of 
cluster errors were rather similar for both subject groups. Cluster reductions were 
the predominant cluster error type followed by other types of cluster errors 
(mainly cluster conflations). The error percentages of substitution, omission, 
distortion, and cluster reduction showed a positive correlation with the severity 
ratings of DAS: severe cases of DAS produced significantly higher error rates 
than less severe cases. These findings indicate that error rates of singleton 
consonants and consonant clusters are strong indices for degree of dyspraxic 
involvement.
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Figure 2. Percentages ofsingleton and cluster errors in real words. The percentages ofsingleton 
consonant errors (singleton consonants) comprised substitutions, distortions and omissions. The 
percentages of consonant cluster errors (consonant clusters) comprised cluster reductions, cluster 
distortions and other types of cluster errors (for example, cluster conflations, cluster 
substitutions). For the control group, the percentages of singleton and cluster errors ranged 
between 0.0-7.9% and 0.0-8.6%, respectively.
Percentage of singleton and cluster errors in syllable-initial and final position in 
real words
The effect of syllable position on consonant production could not be analyzed for 
nonsense words because of the open syllabic structure (consonant-vowel) of 
these words. No analysis of syllable position was made for the control group, 
because of the low error rate in real words. The error rates for singleton 
consonants and consonant clusters in real words are tabulated in Table 5 
according to their syllable position (initial and final position). For the DAS 
group, the percentages of total singleton errors were similar for syllable-initial 
(29.7%) and syllable-final positions (29.9%). However, an interesting interaction 
between the error types (i.e., substitution and omission) and syllabic position was 
observed. Substitutions predominated in syllable-initial position, whereas 
omissions occurred more frequently in syllable-final position; this interaction 
between ‘Error Type’ and ‘Syllabic Position’ was significant [F(1,10) = 87.21, 
MSe = 0.02, p  < 0.001]. The relative frequency of distortions was about equal for 
syllable-initial and syllable-final positions.
Table 5. DAS group: means and standard deviations for singleton and cluster errors 
classified according to syllable position (initial,final) in real words.
Real Words
Error Type Initial Final
Consonant Singleton
Omission 1.7%
[5.7%]
(1.5) 12.4%
[41.5%]
(5.4)
Substitution 21.4%
[72.1%]
(8.3) 9.7%
[32.4%]
(7.7)
Distortion 6.6%
[22.2%]
(4.4) 7.8%
[26.1%]
(3.3)
Total 29.7% (11.2) 29.9% (13.1)
Consonant Cluster 
Reduction 23.1%
[54.5%]
(18.6) 42.2%
[68.1%]
(15.4)
Distortion 5.7%
[13.4%]
(5.4) 9.1%
[14.7%]
(9.1)
Other 13.6% 
[32.1%]
(11-9) 10.7%
[17.2%]
(10.6)
Total 42.4% (26.4) 62.0% (26.0)
Note. Percentages of singleton errors and cluster errors were calculated relative to the total 
number of consonant targets in syllable-initial position (singleton: 63, cluster: 27) and 
syllable-final position (singleton: 38, cluster: 11. The distribution of consonant errors over 
error types, expressed in percentages, are presented between square brackets.
The DAS group produced higher percentages of cluster reductions in syllable- 
final than syllable-initial position. This difference proved to be statistically 
significant [F(1,10) = 16.58, MSe = 0.07, p  < 0.01]. A qualitative inspection of 
the cluster reductions revealed that the plosive sound was most frequently 
omitted.
The relative frequencies of singleton substitutions in syllable-initial position 
compared with syllable-final position were rather similar across individuals. That 
is, for each DAS case the percentage of syllable-initial substitutions was higher 
than the percentage of syllable-final substitutions. Such a uniform pattern across 
individuals was not seen in singleton omissions and cluster reductions. For the 
DAS children as a group, higher percentages of omissions and reductions were
observed in syllable-final than syllable-initial position, but this pattern did not 
hold in all 11 cases. Total error rates of singleton consonants and consonant 
clusters showed a significant positive correlation with severity ratings for 
syllable-initial and syllable-final position (r  > 0.70, df  = 9).
In summary, the pattern of singleton consonant errors in real words by 
children with DAS was dependent on the position within the syllable. 
Substitutions most frequently occurred in syllable-initial position whereas 
omissions predominated in syllable-final position. Reductions of consonant 
clusters, a prominent feature of the DAS group, were also more frequent in 
syllable-final position than in syllable-initial position. These patterns of 
consonant errors over syllable positions applied to almost every DAS child. The 
categories most frequently in error (i.e., syllable-initial substitutions, syllable- 
final omissions and cluster reductions) correlated highly with dyspraxic severity.
Errors ofdysfluency and addition in real words and nonsense words
Dysfluencies. Dysfluencies in real word and nonsense word production were 
observed for the DAS group as well as for the control group (Table 6). A 
univariate, two-way analysis of variance on the percentages of dysfluencies 
(relative to the total number of target syllables) revealed significant differences 
for the factors ‘Subject Group’ [F(1,20) = 20.15, MSe = 0.06, p  < 0.001] and 
‘Word Set’ [F(1,20) = 78.79, MSe = 0.02, p  < 0.001].
Fluent and nonfluent additions. These types of addition occurred relatively 
seldom in the real word and nonsense word imitations of the control group and 
DAS group. Trends in the data distribution of Table 6 indicate that rates of 
addition errors are higher for real words than nonsense words. A qualitative 
inspection of individual data (see Appendix A) for a comparison of fluent and 
nonfluent additions revealed that most controls (10/11) produced more non­
fluent than fluent additions. No such consistent pattern was found for the 
dyspraxic children. Moreover, no significant Pearson r-correlations were found 
between dyspraxic severity ratings, on the one hand, and percentages of fluent 
additions, non-fluent additions, or dysfluencies, on the other [r < 0.40, p  > 0.05].
Table 6. Means and standard deviations o f percentages o f dysfluencies and 
additions in real word and nonsense word productions o f children with normal 
speech and children with DAS.
Error type
Set of Stimuli
Real Words 
Controls DAS
Nonsense Words 
Controls DAS
Dysfluency 6.7% (5.0) 19.9% (8.8) 2.7% (2.7) 6.9% (4.5)
Addition
fluent
nonfluent
1.6% (1.1) 3.9% (3.0) 0.3% (0.5) 1.3% (1.3) 
2.6% (2.8) 4.9% (4.7) 1.3% (1.5) 1.6% (2.4)
Note. Percentage of dysfluencies and additions was calculated relative to the total number of 
syllables in the real words (87) and nonsense words (90).
A qualitative inspection of the 83 non-fluent additions in real words produced by 
DAS and normals revealed that 98.7% of the repetitions and selfcorrections 
involved a restart of the syllable directly preceding the interrupt. For example, 
the two-syllabic real word /'fnp#spen/ (teat) was uttered as [ 'f j t .. .fc#p spen]. 
Only on one occasion did the non-fluent addition (in this case a self-correction) 
fail to restart at syllable onset. In this one instance, produced by a DAS child, a 
substitution of [x] for /k/ occurred in the first syllable of the three-syllabic target 
word /'blik#SAm#flits/ (flash o f lightning). After production of the misarticulated 
syllable [blix], word production was continued with a revision of the faulty 
produced consonant /k/ as [...k#SAm#flits]), and not as [...blik#SAm#flits].
In summary, fluent and non-fluent additions (although small in number) and 
dysfluencies occurred more frequently in real words than in nonsense words. 
With the exception of non-fluent additions, dysfluencies and fluent additions 
were produced more frequently by the DAS group than by the control group. The 
non-fluent additions (i.e., repetitions and self-corrections) were governed by 
principles underlying the syllabic structure of words. Correlative data reveal that 
error rates of dysfluencies, and additions (fluent as well as non-fluent) are of 
minor importance in assessing the degree of dyspraxic involvement.
Discussion
The first aim of the present study was to develop a standardized assessment 
procedure for developmental apraxia of speech. The procedure to elicit speech 
consisted of real word and nonsense word imitation. The speech samples were 
phonetically transcribed and consonant error rates were determined, such that 
error categories could be compared on a quantitative basis. The most consistent 
finding was that the percentages of singleton consonant substitutions, omissions, 
distortions, and consonant cluster reductions were much higher for each DAS 
child than for the children with normal speech. The most frequent consonant 
errors were substitutions and cluster reductions. High consonant substitution 
rates in DAS have been reported by Aram and Glasson (1979), Crary, Landess 
and Towne (1984), and Jackson and Hall (1987). A limited capacity to produce 
complex word shapes, reflected in high rates of cluster errors, is proposed as a 
core characteristic of DAS by Jakielski, Davis and Marquardt (1994). The DAS 
children also produced higher rates of dysfluencies and fluent additions than 
children with normal speech, especially during real word production. 
Articulatory complications in speech, which become manifest in fluent additions, 
are commonly associated with DAS (Rosenbek & Wertz, 1972; Yoss & Darley, 
1974). From the foregoing, it can be concluded that the consonant errors of the 
DAS group are generally in accordance with previous descriptions of DAS 
populations. This result validates the assessment procedure as an adequate 
procedure to measure relevant speech symptoms of DAS.
The second aim of this study was to select parameters which form valid 
measures of severity of DAS. The speech error analysis revealed that several 
quantitative measures are useful to assess the severity of the speech disorder. 
Severity of dyspraxic involvement is an underexposed issue in the literature on 
DAS (Hall et al., 1993). On the basis of clinical reports it has been suggested that 
DAS need not be a severe speech disorder, but can vary from mild to severe 
(Hall, 1989). Nevertheless, the observed inter-rater reliability for two experien­
ced speech-language pathologists regarding severity ratings, in this study, was 
high. Similar results are reported for ratings of severity of phonological 
impairment in preschool-aged children (Rafaat, Rvachew, & Russell, 1995). 
Highly significant positive correlations between severity ratings and consonant 
singleton and cluster error rates were found, in particular for consonant 
substitutions, omissions and cluster reductions. These correlative data are of 
particular interest, because they validate error counts as an index for the degree 
of dyspraxic involvement, giving a quantitative and objective measure of
severity. For clinical practice, these results indicate that consonant substitutions, 
omissions and cluster reductions are the best measures to be a combined into a 
score for severity of DAS.
The third aim of this study was to characterize the patterns of consonant 
production. For most error categories, striking similarities in error patterns 
between children with DAS and normals were found. Thus, for each DAS child, 
consonant substitution was the most frequent error type followed by distortion 
and omission. The children with normal speech showed the same pattern. These 
findings corroborate previously reported higher substitution rates than omission 
rates in children with DAS (Aram & Glasson, 1979; Crary, Landess, & Towne, 
1984; Jackson & Hall, 1987), but also fits into a general developmental pattern 
for omissions to be more common in younger children with an increase of 
substitutions as the children become school-aged. In the present study both the 
children with DAS and the children with normal speech produced higher cluster 
error rates than singleton error rates. The most frequent cluster error type was 
cluster reduction, followed by other cluster errors (e.g., conflations) and cluster 
distortions. Relatively high rates of cluster reduction have been reported for DAS 
(Betsworth & Hall, 1989; Crary, 1984; Crary, Landess & Towne, 1984; Pollock 
& Hall, 1991) but also for non-apraxic phonologically disordered children 
(Parsons, 1984), unintelligible children (Hodson & Paden, 1981) and children 
with language delay (Dunn & Davis, 1983; Morrison & Shriberg, 1992). Thus, 
although cluster reduction rates correlated with severity, this error type is most 
unlikely to be a specific sign of DAS. With respect to syllable position, both 
subject groups produced the highest substitution rates in syllable-initial position, 
and highest omission and cluster reduction rates in syllable-final position. The 
observed patterns of dysfluencies and additions were also similar in both groups 
(i.e., dysfluency rates were higher than addition rates).
Thus, the error patterns observed for each child with DAS were very similar 
to the patterns of the normals. In other words, quantitative differences between 
the subject groups were more prominent than qualitative differences, which is in 
correspondence with the main conclusions of Stackhouse (1992). Such a 
similarity in error patterns between DAS and normals could only be 
demonstrated, because a comprehensive inventory of error types was made, 
within a single group of subjects, and within a particular speech sample. This 
result corroborates a previous study on the same children (Thoonen, Maassen, 
Gabreels, & Schreuder, 1994). In that study (see Chapter 3 of this thesis), higher 
anticipation and perseveration rates were found for DAS children as compared to 
children with normal speech, which seems to support the frequently reported
sequencing difficulties in DAS children. However, in a more detailed analysis, in 
which several error types were compared, the relative frequency of anticipation 
and perseveration errors appeared to be identical for both subject groups, from 
which one can conclude that if  a normal-speaking child produces an error, than 
the likelihood that this is an anticipation or perseveration error, as opposed to a 
paradigmatic error, is as high as those for the DAS children.
Interestingly, one qualitative difference between both subject groups emerged, 
not so much in error patterns, but in overall error frequency depending on the 
type of speech material, namely whether the child had to produce a real word or a 
nonsense word. Whereas the children with normal speech produced hardly any 
errors in real words, but a considerable error percentage in nonsense words 
(resulting in a real word to nonsense word error ratio of 1:12), for the children 
with DAS the difference in error rate for real words and nonsense words was 
much smaller (error ratio 1:2.2). Apparently the DAS children do not profit from 
the familiarity of the words, as compared to the unfamiliar nonsense words, to 
the same extent as children with normal speech do. This much reduced effect of 
lexical status is of interest for clinical purposes, because a reduced effect of 
lexical status on error rate can be used as a diagnostic sign (see also Williams & 
Chiat, 1993). Theoretically, the result suggests that the underlying deficit in DAS 
is localized at a stage in speech production that occurs after lexical retrieval. We 
hypothesize that it is specifically the phonological encoding stage (Levelt, 1989) 
that is disrupted, because irrespective of the input (real word or nonsense word), 
the output of phonological encoding contains high error rates.
In order to support the notion that there is involvement of phonological encoding 
in DAS, possible effects of syllable structure on patterns of consonant production 
were investigated. Several studies have shown that the syllabic structure of 
words plays an important role during phonological encoding, for both normal and 
disordered speakers (Meyer, 1988; Shattuck-Hufnagel, 1985; Stemberger, 1985). 
According to the speech production model of Levelt (1989), lexical and 
morphological representations are transformed (i.e., encoded) into a series of 
instructions for phonetic execution (i.e., articulatory program) at the 
phonological encoding stage. The role of syllable structure is expressed in the 
fact that:
•  Syllable-onsets behave differently from syllable-nuclei and syllable- 
offsets.
•  Consonants behave differently from vowels.
•  Sound exchanges preserve the position within the syllable.
A qualitative inspection of the non-fluent additions produced by children with 
DAS and control children (although at relatively low frequencies) revealed 
support for the presence of syllabic constraints in their speech production. Based 
on the studies on self-corrections in speech (Levelt, 1989; Meyer, 1988) we 
expected to find that repetitions and self-corrections (i.e., non-fluent additions) 
always start at syllable onsets. For example, in the realization of the target word 
/'prik#stnk/ (pricker) a substitution error in the first syllable ([t] for /k/), if 
corrected, is expected to be corrected as [ 'p rit...prik#st3k] and not as 
['prit...k#stok]. The expected pattern of self-corrections was observed in all but 
one case.
Apart from the non-fluent additions, a second characteristic of the error 
patterns shown by the DAS group suggests that their speech production was 
governed by the same syllabic constraints as normal speech production. The 
frequencies of singleton and cluster error types in DAS were highly dependent on 
the position of the consonant or cluster within the syllable. Consonant omissions 
and cluster reductions occurred more frequently in syllable-final position than in 
syllable-initial position, whereas a reverse pattern was observed for consonant 
substitutions. The exact role of the intermediary between the phonological 
representation and the motoric gesture score (Saltzman, 1991) in determining the 
DAS symptomatology, needs further research.
A few methodological issues remain to be discussed. A major problem in studies 
that aim to develop diagnostic criteria, is that a group of clear cases must be 
selected before the specific signs of the pathology these cases represent can be 
assessed. So, there is a circularity involved in that one must first be able to select, 
before one can develop the criteria for selection. Also, to find an objective and 
quantitative measure of degree of involvement reliable severity ratings must first 
be obtained and then speech parameters that correlate with these must be found. 
In the present study, a strict selection procedure was applied in order to guarantee 
that the selected DAS group comprised only children with DAS. Based on 
information from speech-language pathologists and dossier analysis, a screening
for (non)-speech skills, and an independent judgement by two speech-language 
pathologists, a group of 11 children with a strict diagnosis of DAS (Hall et al., 
1993; Stackhouse, 1992; Velleman & Strand, 1994) was selected. Diagnostic 
agreement on these 11 children was high enough to safely conclude that their 
speech problems were primarily caused by DAS. This outcome does not imply 
that the diagnosis of DAS was not applicable to the 14 non-selected children. 
Rather, these 14 children were excluded from this study because of 
accompanying problems (e.g., hearing loss, dysarthria), mild involvement (e.g., 
relatively good progress during therapy) or because of some conflict in the 
diagnostic judgements.
The data on transcription reliability (Table 2 above) indicated that the 
consistency in error classification of distortions was low. This finding might be 
attributed to the frequently reported difficulty in the categorizing of phonemic 
errors which might be substitutions or distortions (Kent & Rosenbek, 1983; 
Wertz, LaPointe, & Rosenbek, 1984). To test for possible perceptual bias in the 
transcribers towards either substitutions or distortions, rank correlations between 
both error types were calculated. If the transcribers tended to perceive distortions 
as substitutions (Blumstein, 1981), for instance slightly devoiced /b, d/ 
transcribed as /p, t/, this would lower the correlation between the error categories 
substitutions and distortions across children. In this study significant positive 
rank correlations between substitution and distortion rates were found 
[Spearman's correlation coefficients of 0.86 for real words and 0.72 (p < 0.05) 
for nonsense words]. These results strongly suggest that no perceptual trade-off 
in error categorization by the transcribers had taken place. Thus, the low 
consistency in the transcription of consonant distortions between transcribers is 
most likely attributable to the unclear definition of this error category. The 
uncertainty with respect to distortions, however, did not effect the transcriptions 
of substitutions. Overall, the consistency between the transcribers in this study 
was high (90% up to almost 100%). This result suggests that moderately narrow 
transcriptions of speech with medium or low intelligibility can be reliable. This 
has also been reported by Ruscello, St. Louis and Mason (1991), and by Shriberg 
and Lof (1991), who used broad transcription of singleton consonants for the 
analysis of disordered child phonology.
The results of the present study form a basis for the construction of a test for 
developmental apraxia of speech. Firstly, a standardized assessment procedure 
for the elicitation and analysis of real word and nonsense word imitation was 
used and validated as an adequate procedure to measure relevant speech
symptoms of DAS. Secondly, a combined score of three parameters (error counts 
of substitutions, omissions and cluster reductions) turned out to be an adequate 
measure of severity of DAS. Thirdly, comparison of error rates in real words and 
nonsense words revealed an important speech characteristic of DAS which might 
contribute to differential diagnosis. Methodologically, the results of this study 
emphasize the importance of a standardized procedure and the analysis of a 
comprehensive set of speech characteristics that allows for the assessment of a 
speech profile. A cross-validation study, using the speech parameters presented 
in this study, is currently in progress to more precisely delineate the specificity of 
speech patterns in DAS. This study may allow further differentiation between 
DAS and other speech problems in children.
Appendix A. Error percentages o f 11 children with normal speech and 11 children with DAS for eight consonant error types under investigation in 
this study.
Consonant Error Types
Subject Case Age Gender Substitution Omission Distortion Dysfluencyt Additionsf Cluster Cluster Cluster
Group (#) (yrs) fluent nonfluent Reductions Distortion Other
Normal Cl 7;03 ¥ 2.6 0.0 0.5 2.8 0.0 1.7 0.0 0.0 0.0
Speaking C2 7;05 & 13.1 1.0 1.0 3.4 1.1 1.7 2.9 0.0 0.0
C3 7;00 & 12.6 0.0 2.1 14.1 1.1 5.6 5.7 0.0 0.0
C4 6;03 & 3.7 0.0 0.0 5.6 0.6 4.0 2.9 0.0 2.9
C5 6;07 & 6.3 0.0 1.0 4.0 0.0 2.3 2.9 0.0 0.0
C6 7;01 & 5.2 0.0 2.1 4.5 1.7 0.0 2.9 0.0 0.0
C7 7; 11 & 2.1 0.0 1.6 3.4 1.1 1.7 0.0 0.0 2.9
C8 6; 11 & 6.3 0.0 0.5 5.1 0.6 1.1 2.9 0.0 0.0
C9 6;03 & 5.2 1.0 0.5 1.7 0.6 1.1 5.7 0.0 2.9
CIO 6;00 ¥ 4.2 0.0 0.0 4.5 0.6 1.7 2.9 0.0 0.0
C ll 6;06 ¥ 2.6 0.0 1.0 2.8 0.6 1.1 5.7 0.0 2.9
DAS D1 7;05 ¥ 20.9 3.0 5.2 20.3 5.1 3.9 11.4 8.6 2.9
D2 7;08 & 22.5 3.0 5.8 13.0 1.7 1.7 5.7 8.6 5.7
D3 7;00 & 23.6 5.0 2.6 18.6 2.8 9.6 22.9 5.7 5.7
D4 6;06 & 22.0 4.0 5.8 8.5 0.6 1.1 22.9 2.9 14.3
D5 6;07 & 23.0 3.0 4.7 20.3 0.0 5.6 25.7 5.7 2.9
D6 7;01 & 21.5 6.9 5.8 10.2 2.8 2.3 37.1 0.0 11.4
D7 7;09 & 23.6 5.9 7.9 6.8 3.9 1.1 22.9 5.7 5.7
D8 6; 10 & 24.1 5.9 12.6 5.6 2.3 0.0 31.4 20.0 11.4
D9 6;05 & 34.6 7.9 5.8 20.3 3.9 7.3 57.1 2.9 22.9
DIO 6;02 ¥ 43.5 9.9 12.6 6.2 1.7 0.0 54.3 5.7 25.7
Dll 6;09 ¥ 36.1 8.9 9.9 15.8 4.5 3.9 28.6 8.6 31.4
Note. The children with DAS were arranged according to severity ratings (from moderate to severe), whereas the children with normal speech were arranged 
based on age and gender matching with the DAS children.The percentage of consonant substitutions, omissions and distortions was calculated relative to 101 
consonant targets for words and 90 consonant targets for nonsense words. The percentage of cluster reductions, cluster distortions and other cluster errors 
(conflations, omissions, substitutions) was calculated relative to 35 cluster targets (real words only).
Key. f The percentage of dysfluencies and additions were calculated relative to a total number of 87 syllables in real words and 90 syllables in nonsense words.
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Appendix B. List of test stimuli (three sets of words and two sets of 
nonsense words.
Real Words Nonsense Words
Set 1 Set 2 Set 3 Set 4 Set 5
1 'nermeysn 2 ‘fop#spen 3 ‘kukuks#kbk 21 ‘pabata 39 ‘pata
4 'diploma 5 ‘fits'tas 6 ‘vut* bal* uet#streit 22 ‘faxaka 40 'bapa
7 'pijama 8 ‘koks* krnt 9 ‘kl0r*pot*lot 23 ‘ladata 41 'lada
10 limo’nada 11 ‘kap* stok 12 ‘blat^seida 24 ‘katada 42 'Xafa
14 'meneman 13 'nep* ski 15 ‘spik" splin*tar"niuu 25 ‘nalama 43 'tada
17 'linijal 16 ‘tik^spd 18 ‘tant* pas*ta 26 'bapama 44 'kaxa
20 'por*tamane 19 'klets* kaus 59 'xaret* sxap^kist 27 ‘bakapa 45 ‘nama
58 para’ply 57 ‘prik’stok 62 ‘hart*stikastuir 28 'saxata 46 ‘bapa
61 lokomo'tif 60 'hets* pot 63 ‘blik*sAm#flits 29 'tanada 47 ‘lana
65 'padastul 64 'vilt* stift 66 ' ’brant* uer*spoeit 30 'bapaka 48 ‘daba
31 ‘xatasa 49 ‘data
32 ‘dalata 50 ‘nala
33 'tadaka 51 'paka
34 ‘xafaka 52 'paba
35 ‘mabapa 53 'sata
36 ‘pataba 54 ‘safa
37 ‘lanama 55 ‘nada
38 'tadana 56 ‘tada
Note. Each set of real words contains 10 items; each set of nonsense words 
contains 18 items. Numbers of the stimuli refer to the order in which the items 
were administered. The items of the sets 1, 4, and 5 consist of open {consonant- 
vowel) syllables. The items of the sets 2 and 3 consist of closed (consonant- 
vowel-consonant) syllables; the boundaries of these closed syllables are 
indicated by the symbol
Set 1 consists of real words with an (predominantly) open syllabic structure; Set 
2 consists of real words with a medial plosive-fricative-plosive consonant cluster; 
Set 3 consists of real words containing open and closed syllables and consonant 
clusters; Sets 4 and 5 consist of three- and two-syllable nonsense words with an 
open syllabic structure.
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Abstract
The aim of this study was to quantify diagnostic characteristics related to 
consonant production in developmental verbal dyspraxia (DVD). A paradigmatic 
and syntagmatic feature-value analysis was conducted o f the consonant 
substitution and omission errors in DVD speech. Following a three-step 
procedure, eleven clear cases were selected from a group o f 24 children with 
DVD. The consonants produced in a word and nonsense-word imitation task 
were phonetically transcribed and transferred to confusion matrices, which 
enabled a feature and feature-value analysis. The analysis revealed that children 
with DVD (a) showed low percentages o f retention for place and manner of 
articulation and voicing, due to high substitution and omission rates; (b) showed 
a particularly low percentage of retention of place o f articulation in words, 
which, together with error rate, is strongly related to severity o f involvement; (c) 
were inconsistent in their feature realization and feature preference and (d) 
showed a high syntagmatic error rate. These results form a quantification of 
diagnostic characteristics. Unexpectedly, however, very few qualitative 
differences in error pattern were found between children with DVD and a group 
of 11 age-matched children with normal speech. Thus, although the children 
with DVD produced higher substitution and omission rates than the children 
with normal speech, the speech profiles o f the two subject groups were similar. 
This result stresses the importance o f interpreting profiles, not isolated 
symptoms. A hypothesis to consider DVD as a deficit in the phonological 
encoding process is discussed.
Introduction
Developmental Verbal Dyspraxia (DVD) has gradually gained support as a 
specific clinical speech disorder but remains poorly understood. The need for 
procedures yielding objective, quantitative measures of the relevant speech 
characteristics for DVD is great. In clinical practice, a detailed characterization 
of speech based on objective assessment procedures is of critical importance for 
the accurate diagnosis of the disorder, the establishment of an appropriate 
intervention program, and the evaluation of this intervention. From a theoretical 
standpoint, objectification and quantification of the dyspraxic manifestations can 
provide greater insight into the exact nature of the disorder.
In order to identify those speech symptoms that characterize DVD, a research 
population with a clear diagnosis of DVD is needed. Only if speech samples are 
obtained from clear cases of DVD can the analyses be assumed to reveal the 
most characteristic features of this disorder. A methodological shortcoming in 
most studies of DVD, however, is a lack of clear-cut procedures for subject 
selection (Crary, 1984; Ferry, Hall, & Hicks, 1975; Hall, Jordan, & Robin, 1993; 
Prichard, Tekieli, & Kozup, 1979; Yoss & Darley, 1974). In the present study, 
therefore, a group of children with DVD was selected using highly restrictive 
procedures for subject selection.
A high rate of consonant substitutions in word production has been 
established as an important characteristic of dyspraxic speech (Crary, Landess, & 
Towne, 1984; Hall et al., 1993; Johns & Darley, 1970). This characteristic is not, 
however, unique to DVD speech. Children with speech-language delay and 
children with a phonological disorder have also been reported to produce 
numerous substitutions (Leonard, 1985; Shriberg, Kwiatkowski, Best, Hengst, & 
Terselic-Weber, 1986; Williams & Chiat, 1993). In the present study, a 
framework of feature analysis and feature-value analysis is applied to further 
delineate the consonant characteristics of DVD. According to such an analysis, 
the values of the features place of articulation, manner of articulation and voicing 
of the realized consonant are compared to the those of the target consonant, and 
frequencies of occurrences are tabulated in a confusion matrix. An advantage of 
feature-value analysis as compared to phonological process analysis is that 
classes of substitutions are further divided into subclasses. For instance, with 
feature-value analysis the phonological process 'fronting' is divided into 
substitutions of 'velar to alveolar', 'velar to labial', and 'alveolar to labial'. 
Likewise, the phonological processes 'backing', 'stopping' and 'gliding', that were 
also found in DVD speech (Crary, 1984), are further specified. Moreover, 
feature-value analysis enables one to quantify phonological aspects which have
been found in clinical studies of DVD (see for a review Hall et al., 1993). Thus, 
the following characteristics can be quantified by means of feature-value 
analysis: the involvement of place of articulation as compared to manner of 
articulation and voicing, and the relative frequency of substitutions of alveolars, 
labials and velars (Crary, 1984; Crary et al., 1984); the relative frequency of 
errors of fricatives, plosives, glides, and nasals (Crary, 1984; Rosenbek & Wertz, 
1972); the relative frequency of one-feature and multi ple-feature errors 
(Stackhouse, 1992); the inconsistency of consonant error patterns across 
utterances (Ferry et al., 1975; Rosenbek & Wertz, 1972).
In order to fully characterize the speech of children with DVD, syntagmatic 
as well as paradigmatic analyses are needed. Difficulty in sequencing phonemes 
is central to the disorder (Crary, 1984; Hall et al., 1993; Rosenbek & Wertz, 
1972). Thus, metathetic errors (Aram & Glasson, 1979; Marquardt, Dunn, & 
Davis, 1985), cluster reductions, and omissions of syllable-initial and syllable- 
final consonants (Crary, 1984; Crary et al., 1984) have been found in dyspraxic 
speech. Therefore, in the present investigation, separate feature-value analyses 
were conducted for syllable-initial and syllable-final consonants. Also, 
occurrences of assimilatory errors (i.e., anticipations and perseverations) were 
tabulated and analyzed per feature.
A major question for the clinical diagnosis and further understanding of DVD is: 
In just what respect does the pattern of speech symptoms found in DVD deviate 
from the pattern of disruptions found in normally developing speech? Children 
with DVD make more frequent speech errors than children with normal speech, 
which clearly threatens intelligibility. That is, a clear quantitative difference 
between DVD and normal speech exists. Most studies of DVD, however, base 
their conclusions about the underlying impairment on one or a few speech 
symptoms. Although it may be argued that syntagmatic and paradigmatic error 
patterns relate to different underlying disorders (Crary et al., 1984), the argument 
is put into a different perspective if children with normal speech show similar 
syntagmatic and paradigmatic error patterns, or --stated more generally-- if  there 
are only quantitative and no qualitative differences between the speech 
performances of children with DVD and normal speech. In our view, 
interpretations based on a single speech symptom should be avoided and the 
overall patterns of errors for DVD and normal speakers should be compared.
In light of these questions, a study was undertaken in which the pattern of 
phonological disruptions in speech samples produced by a carefully selected 
group of clear DVD cases was compared to the pattern of speech disruptions 
obtained from a group of age-matched children with normal speech production.
A word and nonsense-word imitation task was used for speech elicitation. This 
task has proven to be quite powerful in discriminating apraxic disorders from 
other types of speech disorders in adults (Johns & Darley, 1970). As argued by 
Garrett and Moran (1992), moreover, standardized single-word response tests 
appear to be quite valid and clinically useful in the assessment of phonological 
disorders. The complexity of the items was varied, because number and 
complexity of syllables are important factors in determining error rate (Aram & 
Nation, 1982; Hall et al., 1993).
The major goal of this investigation is to quantify the patterns of consonant 
production of children with dyspraxia. Quantification of errors yields an estimate 
of degree of involvement and allows for objective evaluation of therapy. By 
comparing error profiles of children with DVD with those of children with 
normal speech, we gain insight into the qualitative peculiarities of DVD speech.
Method
Subjects
Two groups of subjects participated in this study. The first group, 11 children 
with DVD, was selected from three special schools for children with speech- 
language disorders located in the southeastern region of The Netherlands. The 
age of the children ranged between 6;02 and 7;09 (years;months) with a mean 
age of 6;11. The second group, a group of 11 children with normal speech, was 
chosen as a reference group. The ages of these children ranged between 6;00 and 
8;03 with a mean of 7;00. The children with normal speech were selected from 
two elementary schools by their classroom teacher.
Subject selection. The initial selection of the children with DVD was based 
on the diagnosis determined by the school speech-language pathologists. The 
cluster of selection criteria used in this study is frequently employed in clinical 
practice to diagnose DVD (summarized by Hall, 1992). These criteria are: (a) 
persisting speech difficulty and unintelligibility; (b) deviant rather than immature 
articulatory behavior; (c) poor production of consonants; (d) speech proficiency 
dependent on length of utterance; (e) inconsistent patterns of error within and 
between sessions and (f) inability to produce complex phonemic sequences. At 
this stage, a total number of 25 children with dyspraxia were selected.
Additional information was gathered from questionnaires completed by the 
child's speech-language pathologist and from case-file review. This information 
indicated that every selected DVD child functioned within a normal range of 
intelligence (IQ-range: 84 to 108); had essentially normal hearing capacities as 
measured by pure-tone audiometric testing (maximum hearing loss 25 dB); had
no structural problems in the speech organs that could be responsible for their 
speaking problems; was capable of comprehending the specific task instructions; 
did not suffer from a severe attention deficit; exhibited no symptoms related to 
dysarthria (slow speech rate, imprecise consonants, mono-pitch) and 
demonstrated a complete phonemic repertoire. Slow progress in speech therapy, 
as reported by the speech pathologist, was used as a criterion to exclude children 
with only a mild form of dyspraxia (Hall, 1989; Milloy & Summers, 1989) from 
the experimental DVD-group. For one child, ongoing clinical information 
documented a rapid progress in speech remediation, and this child was therefore 
dropped from the experimental group.
The 24 preselected children with dyspraxia were tested during a short 
screening session that included: (a) phoneme discrimination in minimal-pair 
sound contrasts, as measured by the Dutch Auditory Discrimination Test (ADIT, 
Crul & Peters, 1976), used as an exclusion criterion (more than 2 incorrect 
responses out of 30); (b) imitation of pitch and temporal changes while 
sustaining the vowel /a/ to determine whether the child could understand the 
instructions and task requirements; (c) 10 minutes of spontaneous speech and (d) 
imitation of eight short sentences. Information from the screening revealed that 2 
of the 24 children experienced receptive as well as expressive language 
problems. For another child, the auditory acuity was insufficient (hearing loss of 
more than 25 dB) due to an acute phase of otitis-media one week before the 
testing date. These three children were therefore excluded from the study.
In order to validate the diagnostic classification, two speech-language 
pathologists from the Child Neurology Center (University Hospital Nijmegen) 
evaluated the recorded samples of spontaneous speech and sentence imitation of 
the remaining 21 children with verbal dyspraxia, as well as similar recordings 
from 21 children with spastic dysarthria and 24 children with normal speech. The 
speech pathologists were only aware of the child's age and gender in advance 
knowledge. The children were classified into the diagnostic categories 
'dysarthria' and 'verbal dyspraxia'; in addition, ratings on the involvement of 
'dysphasia', 'functional articulation disorder', and 'speech-language delay' were 
obtained. The classification of 'dysarthria' was based on the clinical symptoms 
described by Darley, Aronson and Brown (1975), in particular, slow speech rate, 
imprecise consonant production, mono-pitch, and hypernasality. The 
classification of 'verbal dyspraxia' was based on the clinical manifestations of a 
cluster of four speech characteristics highly associated with the disorder (Hall, 
1992; Stackhouse, 1992), namely, a deviant rather than immature articulatory 
behavior; a high incidence of assimilatory or context-related substitutions (e.g., 
perseverations and anticipations); a highly variable and inconsistent performance
within sessions; and groping behavior when trying to produce phonemes. The 
diagnostic classes 'dysphasia', 'speech-language delay' and 'functional 
articulation disorder' were not defined explicitly.
Besides classification, severity ratings of DVD were also obtained, depicted 
on a four-point scale: 0 = normal, 1 = mild , 2 = moderate, 3 = severe. Admission 
to the experimental DVD group required a perfect (100%) inter-judge agreement 
in categorizing the speech characteristics as moderate to severe 'dyspraxic' 
together with a strict exclusion of the label 'dysarthria'. Mild involvement of 
'dysphasia', 'speech-language delay', and 'functional articulation disorder' was 
accepted, however.
Based on the classifications and severity ratings of the two speech-language 
pathologists, 10 children were excluded from the group of 21 children with 
dyspraxia. Four children were excluded because of moderate or low inter-judge 
agreement, whereas for three of these four children the label 'dysarthria' also 
applied. Six children were rated by both judges as only mildly 'verbal dyspraxic' 
and were also excluded. Thus, an experimental group of 11 children with DVD 
remained. In Table 1 subject characteristics and severity ratings of these eleven 
dyspraxic subjects are given.
Table 1. Subject characteristics for selected children with DVD, severity ratings 
(obtained from three speech-language pathologists), and co-occurring 
characteristics as reported in dossiers.
Subject Characteristics Severity of DVD Co-occurring Characteristics
:hild Age Gender Moderate Severe A B C D E F
Dl 6;02 female X ? ? + ? + +
D2 6;05 male X - + - - + -
D3 6;06 male X + - - - + +
D4 6;07 male X - + + - + +
D5 6;09 female X ? + + - + +
D6 6; 10 male X ? + + + + +
D7 7;00 male X - + + - - +
D8 7;01 male X + + + - + -
D9 7;05 female X - - + - - +
DIO 7;08 male X - + + - + +
D ll 7;09 male X ? - + - + +
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Note. Abbreviations for the types of co-occurring speech characteristics of DVD: A 
(family history of speech-language problems), B (learning problems), C (developmental 
language problems), D (word-finding problems), E (oral motor planning problems), F 
(articulation therapy for more than 2 years). The numbering of the cases D1 to D ll 
applied in Chapter 2 was: DIO, D9, D4, D5, D ll, D8, D3, D6, Dl, D2 and D7.
Key. + = characteristic applicable to the subject; - = not applicable; ? = insufficient 
information regarding this characteristic.
The control group consisted of 11 children with normal speech attending 
elementary schools within the region of Nijmegen. A total number of 24 children 
were originally selected by the classroom teacher using a restricted set of 
guidelines. The major guidelines included: average learning abilities, no history 
of hearing problems, normal speech and language abilities, and no speech- 
limiting structural abnormalities. In addition, all of the selected children were 
screened for language and hearing capabilities. Samples of spontaneous speech 
and sentence production were evaluated by the two speech-language pathologists 
(SLP), in accordance with the children with dyspraxia. Both judges, unaware of 
the children's status (control group versus dyspraxic group), detected no speech 
problems whatsoever for these 24 children. A group of 11 control children was 
then selected to match the experimental dyspraxic group with respect to age and 
gender (eight boys and three girls). No quantitative data on levels of cognitive 
functioning were available. Based on school performance and information from 
the classroom teachers, however, normal levels of cognitive, motoric, and 
perceptual functioning could be assumed.
Descriptive subject characteristics. The subject characteristics of the 
children with DVD were based on reports of the classroom speech-language 
pathologists (Table 1). These reports yield clear evidence for a family history of 
speech-language problems for only two children with DVD. For four children the 
presence of speech problems by other family members could not be validated. In 
the DVD group the number of boys (8) was substantially higher than the number 
of girls (3). Most of the children with DVD experienced mild to moderate 
speech-language problems (82%), learning problems particularly concerning rea­
ding and spelling (64%), and problems with the imitation of non-speech 
sequential movements of tongue, jaw, and lips (82%). Problems in word-finding 
were reported for only one child. Most of the children with DVD received 
articulation therapy for more than two years, with only laborious and small 
progress. The mean period of therapy was 2 years and 11 months with a range of 
1 year to 4 years. The speech problems were noticed for the first time by parents 
or professionals between 2 ^  and 4 years of age (mean age 2;09 years and a 
standard deviation of 10 months).
Procedure
Test materials. The 11 children with dyspraxia and the 11 control children 
were administered a set of 9 speech tasks, each task representing one or several 
aspects of speech production. In addition to assessment of speech-sound 
production, the child's maximum performance with respect to respiration, 
voicing, and articulation was tested (Wit, Maassen, Thoonen, & Gabreëls, 1993). 
In the present study, the transcriptions of the speech-sound errors produced while 
imitating Dutch isolated words and nonsense words, following oral presentation 
by the examiner, were analyzed.
The set of stimuli consisted of 30 multisyllabic words and 36 two- and three- 
syllable nonsense words. All of the presented words (e.g., /m en em an / (take 
with you), /kl0rpntlot/ (coloring pencil)) were familiar to the children (see 
Appendix A). Each child was observed to produce the target consonants and 
consonant clusters at least once during conversational speech.
Speech examination. The procedures for testing, transcription, and analysis 
were standardized and fully documented. The testing (i.e., word and nonsense- 
word imitation) was accomplished within 2 weeks in two sessions. The duration 
of each session was limited to a maximum of 30 minutes to guarantee continuous 
concentration. The examination took place in a sound-treated room or a 
classroom separated from other rooms. Two experimenters supervised the test 
sessions: one for instruction and stimulus presentation, the other to monitor the 
speech recording procedure. The words and nonsense words were orally
presented to the subjects in a standardized order and rate, and each stimulus was 
preceded by a carrier word (the word /ze%/ (say) or /zi/ (see)). The subjects were 
asked to imitate the target words as well as the carrier word. If a child failed to 
say the carrier word, he or she was strongly encouraged to try it again.
The responses were recorded on audio-cassettes, using a high-quality audio 
cassette-recorder. To guarantee a stable and high quality level in speech 
recording, the subjects wore an adjustable headset (Shure, type SM10A).
Error analysis. The tape-recorded responses were replayed on a portable 
cassette-recorder via a stereo headphone. The responses of all 22 subjects were 
transcribed by the same experimenter, who was familiar with the International 
Phonetic Alphabet (IPA, revision 1989). For the transcription of speech a broad 
symbolic system was used, including the IPA-characters and some of the 
diacritics.
The children received one opportunity to produce the target words. These 
responses were analyzed, unless the child produced no carrier word, in which 
case a second response was requested, or the child made spontaneous 
corrections.
Based on the phonetic transcriptions, each segment classified as an error was 
categorized as either a substitution, addition, omission, distortion, or dysfluency 
(e.g., repetition, interruption). A substitution was defined as a phonetically 
accurate production of another phoneme than the target phoneme, in contrast to a 
distortion, which was defined as a phonetically inaccurate production of the 
target phoneme with perceptible place, manner, or voice deviations. Equivocal 
instances were coded as distortions.
Transcription reliability. To assess the reliability of the phonetic 
transcriptions, an interjudge agreement study was carried out over the total set of 
66 words (30 words and 36 nonsense words) each uttered by three children with 
verbal dyspraxia and three children with normal speech. The latter children were 
matched for age and gender to the randomly selected children with dyspraxia. 
The prime transcriber and two additional transcribers, each fully acquainted with 
the procedures of transcription, transcribed a total number of 1542 consonants in 
428 utterances (mean number of 3.9 consonants per utterance). Pearson 
correlation coefficients between judges calculated over the total number of one- 
feature errors (place, manner, and voicing) and multiple-feature errors per subject 
were between 0.92 and 0.99 (p < 0.05). Furthermore, analysis of variance on the 
number of one-feature and multiple-feature errors revealed no significant 
differences between the judges (F-ratio's below unity).
The high correspondence between transcribers in this study suggests that 
broad transcription of speech with medium or low intelligibility can be reliable. 
In other studies, inter-judge agreements of 90% - 100% on broad transcription of 
singleton consonants was also achieved in analyzing disordered child phonology 
(Ruscello, St.Louis, & Mason, 1991; Shriberg & Lof, 1991), even for the most 
frequently misarticulated sounds. Shriberg and Lof also concluded that average 
agreement for error classes based on broad transcriptions (substitution, omission, 
distortion) is acceptable.
Consonant feature analysis. For the present study, only singleton consonant 
errors, transcribed as substitution or omission, were analyzed. First, the 
transcriptions were transferred into confusion matrices indicating the relation be­
tween consonant target and realization (see Appendix B). Second, the number of 
consonant realizations that were correct with respect to place of articulation, 
manner of articulation, and voicing were calculated from these matrices to yield 
the percentage of feature retention. For instance, if  the sound /s/ was replaced by 
[t] this would be an example of retention of place of articulation and voicing, but 
not manner of articulation. Third, confusion matrices were constructed for each 
feature separately. When the target /s/ was realized as [t], the substitution was 
recorded as correct in the place of articulation confusion matrix (i.e., 'alveolar' 
remains 'alveolar'), as incorrect in the manner of articulation confusion matrix 
(i.e., 'fricative' becomes 'plosive'), and as correct in the voicing confusion matrix 
(i.e., 'voiceless' remains 'voiceless'). In these feature confusion matrices only 
substitutions (i.e., the off-diagonal instances of Appendix B), were included, not 
the correct realizations of the consonants. The feature values associated with the 
consonants are given in Table 2.
Syntagmatic analysis. A computerized speech analysis was performed by 
means of LIPP (Oller, 1991), a program to transcribe speech and to analyze 
transcriptions. For the syntagmatic analysis of consonant substitutions a set of 
rules was written in LIPP-analysis language in order to tabulate consonant 
assimilation (i.e., anticipations, perseverations) separately for the features place 
of articulation (i.e., labial, alveolar, velar) and manner of articulation (i.e., 
plosive, fricative, nasal). Two types of correction were applied on the tabulated 
frequencies. The first correction accounted for a possible unbalanced distribution 
of opportunities in the speech material. This correction comprised calculating 
percentages by dividing the frequency of a particular feature assimilation by the 
number of opportunities in the word sets where such a feature assimilation could 
occur. For instance, in the nonsense word /p a b a ta / there are two opportunities 
for an anticipation of place (/p/ ^ [t] and /b/ ^ [t]) and no opportunities for an 
anticipation of manner because all consonants are plosives. An example of a
nonsense word that includes one opportunity for a perseveration of manner is 
/b ap am a/, where nasal /m/ can become a plosive [p] under the influence of the 
/b/ or /p/.
In the second correction applied, the error rate was accounted for. 
Proportions of assimilatory errors were calculated by dividing the tabulated 
assimilations by the number of substitutions for a particular feature (i.e., place or 
manner). This procedure yields the proportions of assimilatory and 
nonassimilatory errors. Thus, to calculate the corrected proportion for 
assimilation of manner, a correct production of /% atasa/ would not appear in the 
denominator (no substitutions), whereas the incorrect production [%atafa] would 
(but not in the numerator because the substitution /s/ ^ [f] is a non-assimilatory 
feature error).
Statistical analyses. The percentages of feature retention, percentages of 
feature-value retention, and proportions assimilation errors were arcsine transfor­
med in order to stabilize the variances using the formula 
2*ARCSINEv/proportion (Winer, Brown, & Michels, 1991). Differences between 
transformed proportions were tested for significance using a repeated measures 
design with Subjects treated as a random factor. The following factors were 
tested for significance: Subject Group (DVD, control), Word Set (words, 
nonsense words), Syllable Position (syllable-initial, syllable-final), Feature 
(place, manner, and voicing), Feature Value (values depending on the feature 
under analysis and the type of analysis), and Assimilation 
(anticipation/perseveration, transposition, non-assimilation).
Table 2. The Dutch consonants and the associated feature values used lor the paradigmatic and syntagmatic analyses.
Consonants
Feature values P t k b d s z j* f v u* X h* m n 0 I* (r*)
Place
labial + + + + + +
alveolar + + + + + +
palato-dorsalt + + + + + (+)
Manner
plosive + + + + +
fricative + + + + + +
nasal + + +
glide/liquid* + + + (+)
Voicing*
voiceless + + + + + +
voiced . + + + + + + + + + + + (+)
Note. Each of the consonants under investigation here, is fully acquired before the age of 7 by children with normally developing language 
(Blache, 1978). Certain consonants were omitted from the analyses because of their low occurrence in Dutch or their high susceptibility to 
co-articulation and/or distortion (e.g., the sound /r/). Because the replacement of the liquid /l/ with the glides [u] and [j] is exceedingly common 
in the speech of children (Locke, 1983), we treated these consonants as a single manner of articulation (glide/liquid). The phonemes /z/ and /q/ 
did not occur as targets in the speech material used here, but were recorded as possible realization.
Key. + = feature values used in the paradigmatic (feature retention) and syntagmatic (assimilation) analyses
* = features and feature values not used in the syntagmatic analysis 
f  = for the palato-dorsals only the velar sounds were used in the syntagmatic analysis.
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Results
In the following sections, the characteristics of the speech from the 11 children 
with DVD will be compared to the characteristics of the speech from the 11 
children with normal speech. The comparison is lengthy and includes the one- 
versus multiple-feature errors; the percentages for feature retention, feature-value 
retention, feature-value preference; and the proportions of assimilatory errors in 
feature-value substitutions.
One- and multiple-feature errors: Substitutions
A consonant substitution can affect a single feature or a combination of features3. 
In order to determine the feature distance between target consonant and 
consonant realization, the percentages of one- and multiple-feature substitutions 
in words and nonsense words were calculated.
In the production of nonsense words, the DVD group produced more 
consonant substitutions than the control group (377 versus 112). The substitution 
rates of the DVD and control groups in the nonsense words could mainly be 
accounted for by one-feature substitutions (77% and 85%). A comparison of the 
subject group's performances on nonsense words using an analysis of variance 
revealed no significant group difference for the proportions of one-feature errors 
relative to the consonant substitutions [F(1,20) = 3.16; MSe = 0.16; p  = 0.09]. 
This finding also signifies no group differences for multiple-feature errors.
In the production of words (see Table 3), the DVD group produced more 
consonant substitutions in syllable-initial position than syllable-final position, 
reflected in higher percentages of both one- and multiple-feature errors in 
syllable-initial position. In correspondence with nonsense-word production, the 
proportion of one-feature errors in syllable-initial position of words greatly 
exceeded the percentage multiple-feature errors [F(1,10) = 29.86; p  < 0.001].
A comparison of word and nonsense words revealed that the proportion of 
one-feature errors was higher in nonsense words than in words [one-way 
ANOVA F(1,20) = 4.89; p  = 0.039] and, as a consequence, the proportion of 
multiple-feature errors was higher in words than in nonsense words (0.35 versus 
0.23, respectively).
For example, a substitution of [p] for /t/ involves only the feature place (labial for 
alveolar) whereas a substitution of [p] for /s/ involves both the features place (labial for 
alveolar) and manner (plosive for fricative).
3
To summarize: The DVD group produced approximately three to five times 
as many one- and multiple-feature errors than the control group. The majority of 
the substitutions were close approximations to the target consonants as indicated 
by the high proportion of one-feature errors, especially in nonsense-word 
productions. The patterns of one-feature versus multiple-feature errors in 
nonsense words did not differ for the control and DVD groups.
/T ab le  3. One- and multiple-feature error frequencies in words and nonsense words, 
percentages relative to the total number o f consonant targets and proportions relative 
to the total number of consonant substitutions produced by the DVD group and the 
control group.
Subject
group
Set of Syllable 
words position # Targets # Subst.
One-feature
error
Targets Subst.
Multiple-feature
error
Targets Subst.
DVD Words Initial 660 148 14.4% 0.65 8.0% 0.35
6.2 0.15 4.6 0.15
Final 363 40 8.5% 0.77 2.5% 0.23
7.3 0.28 3.2 0.28
DVD Nonsense
words Initial 990 377 28.5% 0.77 9.6% 0.23
3.5 0.12 8.3 0.12
Controls Nonsense
words Initial 990 112 9.5% 0.85 1.8% 0.15
4.8 0.13 2.2 0.13
Note. The mean percentage one- and multiple feature errors was calculated relative to the total 
number of targets (# Targets) and relative to the total number of substitutions (# Subst.). 
Standard deviations of the percentages and proportions of one-feature and multiple-feature 
errors are in italics.\eri
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Feature retention: omissions and substitutions
Word production. The percentages of feature retention, as displayed in Table 
4, consist of the number of consonants that were produced correctly with respect 
to a particular feature (place, manner, voicing) relative to the total number of 
target consonants with that feature. The children in the control group produced 
very few substitutions (a total of 10) and omissions (a total of 3), which resulted 
in almost perfect retention scores (100%) for consonants in both syllable-initial 
and syllable-final position. These almost perfect scores rendered within-group
differentiation between features unnecessary, and between-group differentiation 
(control, DVD) virtually impossible.
Table 4. Percentages feature retention (substitutions and omission) for singleton 
consonants in words and nonsense words for the DVD and control groups.
Set of 
words
Syllable
position
Subject
group
Percentage Feature Retention
Mean
Place Manner Voicing Mean PCC
Words Initial DVD 79.3% 87.0% 95.4% 87.2% 72.4%
[660] 23.5 19.0 5.7 16.1 12.5
Control 99.4% 100.0% 100.0% 99.4% 99.4%
1.4 1.7 0.7 1.3 1.3
Final DVD 76.6% 81.0% 84.1% 80.5% 74.7%
[363] 24.9 17.6 10.0 17.5 12.7
Control 97.8% 98.4% 98.9% 98.3% 97.8%
5.0 3.6 2.6 3.7 4.5
Nonsense
words Initial DVD 81.5% 86.3% 81.1% 83.0% 62.4%
[990] 16.4 21.1 15.5 17.6 11.5
Control 95.9% 97.4% 93.4% 95.6% 88.6%
5.8 4.2 6.5 5.5 6.1
Note. The 'percentage feature retention' is defined as the total number of consonants correctly 
produced with respect to a particular feature relative to the total number of consonant targets 
(numbers between square brackets). As a reference, the mean PCCs (percentages of correctly 
roduced consonants) are given. Standard deviations are in italics.
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The percentages feature retention for the DVD group ranged between 75% and 
90%, which reflects high substitution and omission rates. In a univariate, two­
way analysis of variance on arcsine transformed percentages retention, both the 
factor Syllable Position (initial, final) and Feature (place, manner, voicing) were 
found to be significant, [F(1,10) = 5.73; MSe = 0.070; p  = 0.038 and F(2,20) = 
78.24; MSe = 0.008; p  < 0.001, respectively]. A post-hoc test for significance 
(Newman-Keuls, p  < 0.01) between mean percentage of place, manner and 
voicing retention revealed the following pattern: Place retention was significantly 
lower than manner retention and manner retention was significantly lower than 
voicing retention. In addition, this pattern of feature retention was highly consis-
tent for both syllable positions, as indicated by a nonsignificant interaction 
between Syllable Position and Feature [F(2,20) = 2.01; MSe = 0.011; p  = 0.161].
From this analysis and the figures in Table 4 it can be concluded that (a) the 
overall percentage of feature retention in the DVD group was lower for syllable- 
final than for syllable-initial position and that (b) place retention was lowest 
followed by manner and voicing retention.
Nonsense-word production. The percentages of feature retention for the 
control group on nonsense words were high but not 100% (see Table 4). Overall, 
the control group performed significantly better than the DVD group [F(1,20) = 
46.46; MSe = 0.041; p  < 0.001]. The distribution of feature retention scores was 
nevertheless similar for both subject groups, as indicated by a nonsignificant 
interaction of Subject Group with Feature [F(2,40) = 1.49; MSe = 0.010; p  = 
0.238]. Newman-Keuls comparisons (p < 0.01) on the mean percentages of 
feature retention for both subject groups indicated significantly lower retention of 
place and voicing when compared to manner.
Words versus nonsense words. As the nonsense words incorporated only 
open syllables, the comparison of percentages feature retention in words and 
nonsense words is best undertaken with consonants in syllable-initial position. 
Although the children with DVD produced more substitutions and omissions in 
the nonsense words than in the words (Percentage of Correct Consonants 62.4% 
and 72.4%), the differences between PCCs and between percentages of feature 
retention (83.0% and 87.2%) did not reach statistical significance [F(1,10) = 
2.68; MSe = 0.103; p  = 0.133 and F(1,10) = 0.15e MS = 0.036; p  = 0.709, 
respectively]. The distribution of percentages of feature retention, however, did 
reach significance [interaction Word Set x Feature: F(2,20) = 38.36; MSe = 
0.007; p  < 0.001]. For words, the retention of voicing was significantly better 
than the retention of place and manner; for nonsense words the retention of 
voicing was significantly poorer than the retention of manner and equal to the 
retention of place.
In sum: The children with DVD showed lower percentages of feature 
retention for place, manner and voicing than the control group, which is a 
reflection of their higher substitution and omission rates. More importantly, the 
patterns of feature retention in nonsense words were similar for the DVD group 
and the control group. Both groups showed lower retention scores in nonsense 
words than in words; for the DVD group this lower percentage of retention was 
particularly due to a lower retention of the feature voicing.
Feature (-value) retention in syllable-initial position: Substitution
In the following two sections, the percentages of feature retention and feature- 
value retention are calculated relative to the number o f substituted consonants 
and not, as in the foregoing sections, relative to the number of target consonants. 
A calculation relative to the number of substituted consonants yields percentages 
that are independent of the overall higher substitution rates of the DVD-children. 
We will focus on consonants in syllable-initial position, because (a) the control 
group produced hardly any syllable-final substitutions (a total of 6) making group 
comparisons virtually impossible; (b) the DVD group produced lower 
substitution rates in syllable-final position than in syllable-initial position (40 
compared to 148; see Table 3) and (c) the patterns of place-manner-voicing 
retention of the DVD group were similar for both syllable positions.
^Table 5. Confusion matrices for the feature substitutions ofplace, manner and voicing in syllable-' 
initial consonants in words produced by the DVD group along with percentage feature retention 
and percentage feature-value retention for both the DVD and the control groups.
Place of articulation
Realized features Place retention
Targets labial alveolar palato-dorsal DVD group Controls
labial
alveolar
palato-dorsal
6
27
3
27 3 
25 19
35 3
16.7% (36) 0.0% (2) 
35.2% (71) 0.0% (2) 
7.3% (41) --- (0)
% Preference 35.7 91.2 28.9 23.0% (148) 0.0% (4)
Manner of articulation
Realized features Manner retention
Targets plosive fricative glide/liquid nasal DVD group Controls
plosive
fricative
glide/liquid
nasal
42
8
2
4
8 12 
6 0 
12 2
0 4
10
0
10
28
58.3% (72) --- (0) 
42.9% (14) --- (0) 
7.7% (26) --- (0) 
77.8% (36) 100% (4)
% Preference 35.0 32.3 28.9 32.3 52.7% (148) 100% (4)
Voicing
Realized features Voice retention
Targets voiceless voiced DVD group Controls
voiceless
voiced
53 3 
14 78
94.6% (56) --- (0) 
84.8% (92) 100.0% (4)
% Preference --- --- 88.5% (148) 100.0% (4)
Note. For more detailed explanation see text. For the control group no confusion matrices are 
\presented because of low substitution rates (a total number of four substitutions). a
Calculation o f feature (-value) retention. The frequencies of feature and 
feature-value substitutions in syllable-initial positions are presented in the 
confusion matrices of Tables 5 and 6. The target feature-values are represented in 
the rows while the realized feature-values are represented in the columns. For 
each feature-value, the percentage of value retention was calculated by dividing 
the frequency of on-target substitutions (correct with respect to that particular 
feature-value, but in error with respect to one or both of the other features) by the 
total number of substitutions with that particular target feature value (i.e., the row 
total). Furthermore, overall percentages of retention were calculated for the
features place, manner, and voicing, by dividing the diagonal frequencies (correct 
realizations with respect to that particular feature) by the total number of 
substitutions. Further analyses can also indicate the preference for using a 
particular feature-value as a substitute (see Klich, Ireland, & Weidner, 1979). 
With regard to the value labial, for example, one can calculate the percentage of 
nonlabial targets that are nevertheless realized as labial. To obtain the 
percentage preference for the feature value labial, the frequency of nonlabial 
targets with a labial realization (27 alveolars, 3 palato-dorsals) is divided by the 
total number of errors on nonlabial targets (27 alveolars realized as labials, 3 
palato-dorsals realized as labials, 35 palato-dorsals realized as alveolars, and 19 
alveolars realized as palato-dorsals).
Feature retention in word production. The control group substituted a total 
of 4 consonants (Table 5). These 4 substitutions only involved the feature place 
of articulation, as indicated by a zero-retention of place information together with 
perfect retention scores of manner and voicing. The feature-retention pattern of 
the DVD group showed an extremely low percentage place retention (23.0%) as 
compared to manner retention (52.7%), and voicing retention (88.5%). An analy­
sis of variance on the arcsine transformed percentages of feature retention with 
Feature (place, manner, voicing) treated as a main factor and Subjects (11 
children with DVD) as a repeated measure, revealed a highly significant 
difference between the percentages of place, manner, and voicing retention 
[F(2,20) = 26.18; MSe = 0.260; p  < 0.001].
Feature retention in nonsense-word production. The feature retention of the 
DVD group (see Table 6) was significantly poorer than that of the control group 
for nonsense words [F(1,20) = 5.09; MSe = 0.058; p  = 0.035]. In the analysis at 
hand, these lower percentages retention are not due to higher substitution rates 
(these are accounted for), but to higher percentages of multiple-feature errors (see 
Table 3). The pattern of feature retention for the two subject groups also proved 
to be different, as indicated by a significant interaction between Subject Group 
and Feature [F(2,40) = 3.55; MSe = 0.26; p  = 0.038]4. The control group retained 
the voicing feature significantly more poorly than the manner or place features 
(Newman-Keuls comparisons; p  < 0.05) whereas the DVD group retained both 
voicing and place features significantly more poorly than the manner feature 
(Newman-Keuls comparisons; p  < 0.01).
4 This result differs from the previous finding of no differences in the patterns of group 
feature retention based on substitutions and omissions relative to targets. Apparently, 
feature retention relative to substitutions yields a more sensitive measure.
Feature retention in words versus nonsense words. For a comparison of 
feature retentions in syllable-initial position of words and nonsense words for the 
DVD group (Table 5 and 6), a univariate two-way analysis of variance was 
performed. As expected, the overall percentages feature retention did not 
significantly differ between word sets [F(1,10) = 3.35; MSe = 0.030; p  = 0.097]. 
The differences in the feature retention patterns of words and nonsense words 
proved to be significant as indicated by a significant interaction between Word 
Set and Feature [F(2,20) = 29.14; MSe = 0.139; p  < 0.001]. More specifically, 
retention of place was lower for words than for nonsense words, whereas the 
retention of the feature voicing was lower for nonsense words than for words.
Feature-value retention and preference in word production (DVD group 
only). For place of articulation, percentages of feature-value retention ranged 
between 7.3% and 35.2% for the DVD group. As can be seen in Table 5, bi­
directional (reciprocal) substitutions were frequent. This is most clearly 
demonstrated by the equal frequencies of alveolar targets substituted with labials 
(phonological process of fronting: 27) and labial targets substituted with 
alveolars (backing: 27). For manner of articulation, the retention of the feature 
value 'glides and liquids' (7.7%) was significantly poorer than the other value 
retentions (Newman-Keuls tests; p  < 0.01), which ranged between 42.9% and 
77.8%5. Regarding the voicing property, voiced consonants were more frequently 
replaced with voiceless consonants than the opposite, as indicated by the 84.0% 
retention of 'voiced' and the 94.6% retention of 'voiceless'. This difference proved 
to be significant [F(l,9) = 6.01; MSe = 0.20; p  = 0.037].
Inspection of the percentages of place-value retention and place-value 
preference indicates that the relatively low retention of labials and palato-dorsals 
can be attributed to a strong alveolar preference in production. Nevertheless, 
alveolar targets were not spared from substitution as indicated by the --in 
absolute terms-- low retention of the feature 'alveolar' (35.2%). Likewise, a 
comparison of the percentages for manner retention and manner preference 
shows a low retention of glides/liquids, while the preference score for 
glides/liquids is equal to the preference scores for plosives, fricatives, and nasals.
Feature-value retention in nonsense-wordproduction. A closer inspection of 
the percentages of feature-value retention and feature-value preference in the 
nonsense words (see Table 6) revealed remarkable similarities for the DVD and 
control groups. For place of articulation, the retention of 'palato-dorsal' was low
A low retention of 'glides' and 'liquids' was mainly attributable to substitutions 
by 'fricative' and 'nasal' manner values (e.g., the phoneme /l/ was substituted with 
a fricative [h], and the phonemes /j/ and /l/ were substituted with a nasal [n]).
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relative to the retention of 'labial' and 'alveolar' for both groups. For manner of 
articulation, the retention of 'plosives' was highest followed by 'fricatives' and 
'nasals'. The percentages of 'voiceless' retention was twice the 'voiced' retention 
for both groups. The patterns of feature-value preferences for the two subject 
groups were similar for the features place and manner, as indicated by a 
nonsignificant interaction between Feature Value and Subject Group for 
preference [F(6,100) = 0.75; MSe = 0.08; p  = 0.614 for place; F(6,100) = 0.75; 
MSe = 0.08; p  = 0.614 for manner]. For place of articulation, the preferences for 
the 'alveolar' values were highest followed by 'palato-dorsal' and 'labial'. For 
manner of articulation, the preference scores for the feature value 'plosive' were 
highest for both the subject groups.
One important difference between the two subject groups regards the retention of 
the feature-value 'glide/liquid': the DVD group replaced 25 of the 77 target 
consonants with the feature-value 'glide/liquid', resulting in a zero retention 
score, whereas none of these 77 consonants were substituted by the control 
group.
Feature-value retention in words versus nonsense words. The lower 
retention of place for words than for nonsense words, which was reported earlier, 
could be attributed to a relatively low feature-value retention of 'labials' and 
'alveolars' in words. The lower retention of voicing for nonsense words than for 
words, could be largely attributed to the frequent 'devoicing' of /d/ and /b/ (see 
Appendix B, matrix B).
Table 6. Confusion matrices for the feature substitutions o f place, manner, and voicing, percentages feature retention, percentages feature value retention and 
percentages feature preference for syllable-initial consonants in nonsense words for both the DVD group and the control group.
Place of articulation 
Targets/Realizations
DVD Group Control Group
labial alveolar palato-dorsal % retention labial alveolar palato-dorsal % retention
labial 82 31 16 63.6% (129) 43 13 3 72.8% (59)
alveolar 36 116 40 60.4% (192) 6 28 8 66.7% (42)
palato-dorsal 17 32 6 10.9% (55) 2 8 1 9.1% (11)
% Preference 42.4 65.6 45.5 54.3% (376) 33.3 80.8 36.7 64.3% (112)
Manner of articulation
DVD Group Control Group
Targets/Realizations plosive fricative glide/liquid nasal % retention plosive fricative glide/liquid nasal % retention
plosive 200 23 12 21 78.1% (256) 74 5 3 6 84.1% (88)
fricative 19 222 0 51.2% (43) 3 5 0 0 62.5% (8)
glide/liquid 7 7 0 11 0.0% (25) 0 0 0 0 --- (0)
nasal 17 5 8 22 42.3% (52) 3 0 6 7 43.8% (16)
% Preference 56.6 31.5 20.6 31.4 64.9% (376) 50.0 21.7 34.6 35.3 76.8% (112)
Voicing
DVD Group Control Group
Targets/Realizations voiceless voiced % retention voiceless voiced % retention
voiceless 104 40 72.2% (144) 21 10 67.7% (31)
voiced 144 88 37.9% (232) 55 26 32.1% (81)
% Preference --- --- 51.1% (376) --- --- 42.0% (112)
To summarize. Feature retention in words was extremely good for the control 
group. For the DVD group, place retention in words was significantly poorer than 
manner and voicing retention. In particular, a high preference was given to 
'alveolar' production at the expense of 'labial' and 'palato-dorsal' production in 
words. Still, also a high frequency of alveolar substitutions was observed. With 
regard to nonsense words, the patterns of feature retention appeared to be similar 
for the two subject groups, that is manner was retained best followed by place 
and voicing. In particular, striking similarities were found in feature-value 
retention and feature-value preference for both groups. An exception was the 
production of ‘glide/liquids’ in nonsense words by the two groups.
Syntagmatic analysis o f consonant substitutions
Thus far, paradigmatic analyses of percentages feature retention and feature- 
value retention were presented. However, an important factor determining errors 
in consonant production is the immediate phonemic context. In the next section a 
syntagmatic analysis will be presented in order to investigate to what extent the 
reciprocal consonant substitutions (Table 5 and 6) can be accounted for by 
assimilation, and to examine if the patterns in feature assimilation of the DVD 
group can be explained based on the notion of phonological underspecification 
(Kiparsky, 1982). The concept of phonological underspecification holds that for 
some feature values the underlying phonological representations are not fully 
specified. These blanks in phonological specification can be filled in during the 
course of language processing. In underspecification theory it is hypothesized 
that assimilations of underspecified feature values to specified ones, which 
require the addition of a feature value, occur more frequently than the reverse.
For the syntagmatic analysis, the set of feature(-value) targets was limited, as 
compared to the target set used in the paradigmatic analysis (see Table 2), to 
those features(-values) for which the status of phonological specification is 
generally accepted. We followed the assumptions used by Stemberger (1991) and 
by Stoel-Gammon and Stemberger (1994) about which feature(-values) are 
specified. For place of articulation, the feature-value 'alveolar' is considered to be 
underspecified whereas the feature-values 'labial' and 'velar' are specified. For 
manner of articulation, the feature-value 'plosive' is underspecified in comparison 
to the specified feature-values 'fricative' and 'nasal'. The substitutions concerning 
the feature 'voicing' were not examined for assimilatory patterns, because the two 
values of the 'voicing' contrast occur in almost all words, which would result in 
assimilation proportions close to 1.00.
^Table 7a. Percentages/proportions o f consonant (non-)assimilations in sellable-initial 
position for the DVD and control groups.
Subject
Group
Feature
Contrast
Total
Subst.
Nonassimilatory Assimilatory
Total
Opport.
Errors
re Opp. re Sub.
Total
Opport.
Errors
re Opp. re Sub.
DVD Place 194 1452 7.6% 0.36 660 20.2% 0.64
5.1 0.17 5.1 0.17
Manner 104 1045 4.6% 0.35 660 10.3% 0.65
6.9 0.22 5.4 0.22
DVD Total 298 2497 6.1% 0.36 1320 15.2% 0.64
5.6 0.15 3.9 0.15
Control Total 46 2497 0.7% 0.41 1320 2.5% 0.59
0.5 0.20 3.7 0.20
Note. The number of consonant substitutions (Total Subst.) and the number of opportunities to produce 
nonassimilatory and assimilatory errors (Total Opport.) are totalized over subjects, whereas the error 
percentages and proportions are presented as group means. The mean percentages of nonassimilatory 
and assimilatory substitutions relative to opportunities (re Opp.) were obtained through division by the 
corresponding total number of opportunities in the word sets to produce a nonassimilatory or an 
assimilatory substitution (Tot. Opport.). The mean proportions of nonassimilatory and assimilatory 
substitutions (re Sub.) were calculated relative to the corresponding total number of substitutions (Tot 
Subst.). Standard deviations of percentages and proportion of nonassimilations and assimilations are 
in italics.
In Table 7a, the mean percentages of assimilatory errors 
(anticipations/perseverations) and nonassimilatory errors are presented, 
calculated relative to the number of opportunities in the word sets to produce a 
particular substitution. A group comparison showed that the children with DVD 
produced significantly higher percentages of assimilatory errors and 
nonassimilatory errors than the control group [F(1,20) = 44.43, MSe = 0.27, p  < 
0.001 and F(1,20) = 14.62, MSe = 0.17, p  < 0.01, respectively]. These group 
differences were expected based on the higher substitution rates observed for 
DVD. For the DVD group, the percentages nonassimilatory and assimilatory 
substitutions were significantly higher for the feature place than for manner [for 
nonassimilations: F(1,10) = 6.46, MSe = 0.08, p  < 0.05; for assimilations: F(1,10) 
= 18.85, MSe = 0.15, p  < 0.01, respectively]. For the control group, no division in 
place and manner errors was made because of the relatively low total number of 
substitutions produced (20 and 26).
The DVD group produced significantly higher percentages assimilatory 
errors (15.2%) than nonassimilatory errors (6.1%) [F(1,10) = 44.63, MSe = 0.14, 
p  < 0.001]. For the control group, the difference between percentages of 
assimilatory and nonassimilatory errors (2.5% versus 0.7%) did not reach 
significance [F(1,10) = 2.78, MSe = 0.13, p  = 0.126], which is probably due to a 
floor effect.
In order to be better able to compare the error patterns of the DVD and 
control group across features and for the DVD group also between features, we 
accounted for overall error rates by restricting the number of opportunities to the 
number of opportunities where a substitution occurred (Table 7a; columns 're 
Sub.'). The results of this analysis reveal that the proportions of assimilatory 
errors across features were almost identical for the DVD and control groups (0.64 
versus 0.59), and that the proportions of assimilatory place and manner 
substitutions were highly similar for the DVD group (0.64 versus 0.65).
In order to answer the question whether the patterns of assimilation in DVD 
follow the principle of phonological underspecification, the error proportions of 
the relevant feature-value contrasts are presented in Table 7b6. Looking first at 
the place contrast of labial and alveolar consonants (labial :  alveolar), it can be 
seen that the substitution rates of 'labial to alveolar' and 'alveolar to labial' were 
equally high, and that for both the proportion of assimilatory substitutions was 
higher than the nonassimilatory errors. As expected according to the 
underspecification principle, however, the proportion of assimilatory 
substitutions 'alveolar to labial' is significantly higher than the proportion of 
assimilatory substitutions of 'labial to alveolar' [%2(1) = 8.93, p  < 0.01]. For the 
'alveolar :  velar' contrast, a slightly different pattern emerges. First, more 'velar 
to alveolar' substitutions were observed than the reverse. This is a well- 
documented tendency in DVD. Second, 'velar to alveolar' substitutions resulted 
more often from a nonassimilatory process than is the case for 'labial to alveolar' 
substitutions. A similar pattern can be detected in the study of Stoel-Gammon 
and Stemberger (1994). A closer inspection of the phonemes substituted in a 
nonassimilatory context revealed that /k/ to [t] was the most prevalent 
substitution type. Third, for the 'velar :  alveolar' contrast, a tendency was found 
similar to that in the labial :  alveolar contrast, in that substitutions from the 
underspecified feature value (alveolar) to the specified feature value (velar) 
showed a higher proportion of assimilatory errors then the reverse substitution 
(velar to alveolar); however, this trend was nonsignificant [%2(1) = 2.67, p  ~ 
0.10].
6 For the control group no division of substitutions into feature-value contrasts of place and 
manner was made, due to the low number of substitutions per feature.
'T ab le  7b. Proportions o f consonant (non)assimilation errors for the feature-value 
contrasts o f place and manner o f articulation for the DVD group.
Nonassimilatory Assimilatory
Subject
Group
Feature
Contrast
Total
Subst.
Error re sub.
Mean Std.dev. Mean Std.dev.
DVD Place
Labial -> Alveolar 56 0.34 0.20 0.66 0.20
Alveolar -> Labial 51 0.10 0.24 0.90 0.24
Velar -> Alveolar 55 0.61 0.35 0.39 0.35
Alveolar -> Velar 32 0.43 0.37 0.57 0.37
Manner
Fricative -> Plosive 27 0.30 0.4D1Q
0.40
Plosive -> Fricative 24 0.75 0.11625
0.36
Nasal -> Plosive 22 0.14 0.25 0.86 0.25
Plosive Nasal 31 0.31 0.36 0.69 0.36
Note. The proportion o f assimilatory and nonassimilatory substitutions was calculated relative 
to the number o f substitution errors (Total Subst.) for each feature contrast produced by the 
DVD group. Standard deviations o f the proportion o f (non-)assimilatory feature errors are in 
italics.
Examples o f assimilation errors produced by children with dyspraxia: 
place manner
(Alveolar Velar) for /A $ * * Y * /  (P lo s iv e
■+ Nasal) [▼ « ■ * ■ * ] for / ▼ « ■ * » /
(Labial ■* Alveolar) for / □ « ▼ * « /  (Fricative ■* Plosive) [ # « * * » ]  for
/* $ * # * # /y .
For the manner contrast of plosive and fricative consonants (Table 7b; plosive :  
fricative), the substitution rates of fricative to plosive and of plosive to fricative 
are similar (27 vs. 24). The distribution of assimilatory and nonassimilatory 
substitutions is, however, different for substitutions of 'fricative to plosive' and 
'plosive to fricative'. Proportions of assimilation are higher than proportions of 
nonassimilation for the 'fricative to plosive' substitutions, whereas only one 
quarter of the 'plosive to fricative' substitutions can be explained by assimilation. 
The children with DVD more frequently assimilated /f/ and /%/ to [t] than to 
other plosives, whereas no particular plosive sound(s) accounted for the
nonassimilatory 'plosive to fricative' substitutions. The significant difference 
within the 'fricative :  plosive' contrast [%2(l)  = 10.4 l, p  < 0.01], is in 
contradiction to the prediction based on phonological underspecification of 
manner, in which the underspecified feature value 'plosive' is expected to 
assimilate more frequently to 'fricative' than the reverse. For the 'plosive :  nasal' 
contrast, more 'plosive to nasal' substitutions were observed than the reverse, but 
for both processes the proportion of assimilatory substitutions were higher than 
the nonassimilatory substitutions. Most of these substitutions concerned the 
phonemes /d/ and /n/. Although not significant [%2(l)  = 2.41, p  < 0.20], a similar 
tendency was found as in the 'fricative :  plosive' contrast. That is, assimilatory 
substitutions from the specified feature values (nasal) to the underspecified 
feature value (plosive) occur more frequently then the reverse. These results do 
not support the underspecification of the feature-value 'plosive' compared to 
'fricative' and 'nasal' in DVD speech.
To summarize: The DVD group produced, in comparison to the control group, 
more assimilatory and nonassimilatory substitutions, a finding that is directly 
related to the higher error rates of the DVD group. The DVD group produced 
significantly higher percentages assimilatory substitutions than nonassimilatory 
substitutions for both the features place and manner of articulation. This finding 
supports the clinical impression of high context-related error rates in DVD. 
However, when error rate was accounted for, the difference between DVD and 
control groups disappeared. For both subject groups, approximately 60% of the 
total substitutions could be explained by assimilation (anticipation or 
perseveration).
The patterns of feature-value substitutions produced by the DVD group 
revealed that for place of articulation the feature value 'alveolar', which is 
considered to be underspecified in phonological representation, is more often 
substituted to ‘labial’ and ‘velar’ by assimilation, whereas most of the 
substitutions of the specified feature values ‘labial’ and ‘velar’ to ‘alveolar’ are 
nonassimilatory. The asymmetry in the assimilatory patterns for manner of 
articulation did not support the underspecification of the feature value 'plosive'. 
The children with DVD tended to assimilate the specified feature values 
'fricative' and 'nasal' relatively more often to the underspecified feature value 
'plosive' than the reverse.
Discussion
The main objective in this study was to quantify the consonant production 
patterns of children with the speech disorder DVD. For this purpose, speech 
samples from 11 children clearly demonstrating DVD were analyzed. The feature 
analysis, feature-value analysis, and syntagmatic analysis of the substitutions in 
word and nonsense-word imitations were compared to speech samples from 
normal-speaking children, not only with respect to error rate, but more 
importantly with respect to error patterns.
As expected, the children with DVD produced high rates of consonant 
substitutions and omissions, and --as a consequence-- low percentages retention 
for the features place- and manner of articulation, and voicing. This corroborates 
the primary diagnostic characteristic of DVD speech (Crary et a l, 1984; Hall et 
al., 1993; Rosenbek & Wertz, 1972; Stackhouse, 1992). We did not find 
evidence for particular difficulty with fricatives, as Hall, Jordan and Robin 
(1993) and Rosenbek and Wertz (1972) reported. In the present study, the lowest 
percentages retention were obtained for the feature place of articulation (Table
4). Particularly in words a relatively low percentage of place retention, as 
compared to manner and voicing retention was found (see Table 5). As shown in 
Figure 1, this "dip" in place retention deserves special attention because it was 
not only a strong but also a diagnostically relevant and stable characteristic. That 
is, the same pattern of feature retention --lowest for place, followed by manner 
and voicing-- was detected in 9 of the 11 children with DVD7.
Furthermore, the individual patterns of feature retention revealed that a decrease 
in percentage of place retention corresponds to (a) an increase in the severity of 
the dyspraxia as rated by the speech-language pathologists [ r ^  retention,severity) = 
0.825; p  < 0.01], and (b) an increase in the number of substitution errors [r(place
retention,substitution) = -0.708; p  < ° .°5 ]. The percentages of manner and v°icing
retention were independent of substitution rates and DVD severity, as indicated 
by nonsignificant Pearson rank-correlations (p > 0.05). Put differently, the 
children with most severe dyspraxia (a) produced the highest number of 
consonant substitutions, (b) achieved the lowest percentage place retention and 
(c) achieved percentages manner and voicing retention comparable to that of the 
children with moderately severe dyspraxia. These results suggest that percentage
7 Note that the distributions of feature retention for the remaining two children with DVD 
were also the least reliable due to low substitution rates.
place retention may be particularly important for determining the severity of DVD.
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Figure 1. Relation between rated severity of DVD subjects (vertical axis: D9, D10, D7, D4, D8, 
D3: moderate DVD; D6, D11, D1, D5, D2: severe DVD), the total number of consonant 
substitutions (.horizontal axis on top: substitution frequency in shaded area) and the percentages 
of place, manner, and voicing retention (horizontal axis on bottom: feature retention in vertical 
lines). Data are calculated on syllable-initial consonants in words (see Table 5 for group results).
Crary (1984) has also reported a high error rate for place of articulation and 
argued that substitution of place is an important characteristic of DVD speech. 
With respect to the place values (labial, alveolar, palato-dorsal), we observed 
alveolars to be used as substitutes for labials and palato-dorsals relatively often in 
words and nonsense words. A high preference for alveolars, together with the 
also observed high tendency to substitute alveolars, corroborates Crary's (1984) 
observation that children with DVD frequently exchange front and back 
consonants. A syntagmatic analysis revealed that many of the alveolar 
substitutions were assimilations.
The question of what makes the place feature vulnerable to substitution in 
words as opposed to nonsense words remains to be answered. Contrastive factors 
in words and nonsense words that may influence errors in DVD subjects are the 
articulatory complexity and the semantic meaning. In an attempt to identify the 
influence of these factors on feature retention in children with DVD, a small
follow-up experiment was conducted in which the children with DVD were 
asked to imitate eight words and eight nonsense words with similar phonemic 
structure and articulatory complexity. No significant differences in the 
percentages place retention for words and nonsense words were found, which 
suggests that phonemic structure and articulatory complexity rather than 
semantic meaningfulness is contributing to the decrease in place retention.
Before we compare the speech performances of the two subject groups, we will 
turn to the achievements of the children with normal speech. Based on their 
speech history we expected these children to encounter no articulation problems. 
On the word imitation task, only 4 of the 11 control children produced any errors 
at all. These 4 children produced a total of 10 consonant substitutions, which 
resulted in 99.4% correct consonant production. In nonsense words, however, the 
control group produced a total of 112 consonant errors, which yielded 88.6% 
correct consonant productions. It seems likely that the high error rates in the 
control group are elicited by the similarity of the consonants. Whatever the 
explanation, it suggests that this set of nonsense words yields a sensitive test for 
aspects of articulation.
Both subject groups produced about three to five times more one-feature 
errors than multiple-feature errors in nonsense words (Table 3). The proportion 
one- versus multiple-feature errors forms a quantification of the issue, whether or 
not DVD substitutions are close approximations of the target (Stackhouse, 1992). 
A close proximity of the consonant substitute to the consonant target has also 
been reported for adult apraxia by Trost and Canter (1974) and by LaPointe and 
Johns (1975). However, no difference in pattern was found, which indicates that 
relative rates of one- and multiple-feature errors were similar for both subject 
groups.
No comparisons between children with DVD and normal speech were made 
for the patterns of feature retention in words, because the normal-speaking 
children hardly produced any errors at all. A comparison of the group 
performances on feature retention in the nonsense words, where both subject 
groups produced a considerable number of consonant errors, revealed that the 
patterns of feature retention and feature-value retention of both subject groups 
showed striking similarities. First, both subject groups achieved a higher 
retention of manner of articulation than place of articulation or voicing. This 
pattern can be seen in Table 4, where the percentages were calculated relative to 
the total number of target consonants. The pattern becomes even more clear in 
Table 5, where the percentages were calculated relative to the number of 
substitutions. Second, the patterns of feature-value retention also showed 
remarkable similarities. Thus, for place of articulation, both groups retained the
labial and alveolar positions better than the more dorsal positions. For manner of 
articulation, both groups showed the highest percentage retention for plosives, 
followed by fricatives and nasals. Finally, both groups exhibited a moderate 
retention of voiceless consonants and a low retention of voiced consonants. The 
only difference between the DVD and control groups in value retention was 
detected for glides and liquids. These manners of articulation were poorly 
retained by the DVD group whereas the control group showed perfect retention. 
One speech sound appeared to be most vulnerable to substitution, the liquid /l/, 
and constituted 57.7% of the total number of glide/liquid substitutions.
The feature-value preference of the two subject groups also proved to be similar 
in nonsense-word imitation. Both groups showed a preference for the alveolar 
place value when compared to the labial and palato-dorsal values (see Table 6). 
For manner of articulation, plosives were preferred over nasals, fricatives and 
glide/liquids. The confusion matrices found in Table 6 show a reciprocity in the 
substitutions for both subject groups. Alveolars replaced labials almost as often 
as labials replaced alveolars, and alveolars replaced palato-dorsals nearly as often 
as palato-dorsals replaced alveolars. Reciprocity was also detected, to some 
extent, for both groups in manner of articulation. For example, fricatives were 
often replaced by plosives while plosives were almost equally often replaced by 
fricatives. This reciprocity in place and manner substitutions points to an 
inconsistency in speech-sound production (for a discussion of the concept 
'inconsistency' see Miller, 1992), which is generally used as a diagnostic 
characteristic of DVD (Hall, 1992; Hall et al., 1993).
One could say that by definition sequencing difficulties are characteristic for 
DVD (Hall et al., 1993). In 15.2% of the opportunities where an assimilatory 
substitution (anticipation, perseveration) of place or manner-of-articulation was 
possible, such an error was produced by the children with DVD, as compared to 
only 2.5 % by the normal-speaking children (Table 7a). This high syntagmatic 
substitution rate contributed substantially to the overall error rate. As with many 
of the characteristics discussed so far, however, the difference between children 
with DVD and normal speech disappeared if overall error rate was accounted for. 
In both subject groups approximately 60% of the substitutions could be 
explained by feature-value assimilation. Therefore, it should be stressed that 
context-dependency, as well as reciprocity and proximity, are not unique to 
DVD. Children with normal speech produced similar error patterns.
The children with DVD did show a relatively strong tendency to assimilate 
the underspecified place-value 'alveolar' to the specified values 'labial' and 'velar' 
as expected by the principle of phonological underspecification (Table 7b). The 
manner-value 'plosive' was assimilated less frequently to the feature values
'fricative' and 'nasal' than expected by a phonological underspecification of 
'plosive' relative to other manner values. However, for manner of articulation, the 
status of specification is more controversial than for place of articulation. The 
notion of phonological underspecification needs to be further investigated in 
relation to the concept of DVD as a programming disorder.
In previous studies (Maassen & Thoonen, 1993a, 1993b; Thoonen & Maassen, 
1992; Thoonen, Maassen, Gabreels, & Schreuder, published in 1997) we 
analyzed not only substitution and omission rates, but also distortions, additions 
and dysfluencies. As in the present study, it was found that the children with 
DVD produced an overall higher error rate than the control children, but that the 
distribution of errors over types was very similar for both groups. A similar 
correspondence in error types was reported by Stackhouse and Snowling (1992).
Conclusion
The characteristics of feature retention detected in this study for the DVD group 
were in accordance with previous descriptions of DVD. The main result of the 
present study --which was not expected on apriori grounds-- was the striking 
qualitative similarity in the patterns of feature retention, feature-value retention, 
feature-value preference, and assimilation for the DVD and control groups. Of 
all the diagnostically relevant aspects mentioned in the introduction, only the low 
percentage retention of place stands out as a difference in speech profile. The 
analyses showed that seemingly qualitative differences disappear, if  error rate is 
accounted for. This strong resemblance suggests that the origin of the speech 
disruptions observed in DVD is identical to that of the "slips of the tongue" 
observed in normal speech. These everyday speech errors are commonly assumed 
to originate from disruptions in the phonological encoding stage of speech pro­
duction (Levelt, 1989). Phonological encoding entails (a) the selection of the 
segments for a word, (b) the sequencing of these segments within syllable frames 
and (c) the setting of the intonational and temporal parameters. The resulting 
articulatory program is not yet speech but a representation on the basis of which 
the articulator generates coordinated patterns of movement. The DVD group did 
not demonstrate problems in producing the requested phonemic contrasts, which 
suggests that the children have a complete phonological repertoire. Together with 
the inconsistencies observed in their speech, this suggests a processing rather 
than a representational deficit. As a working hypothesis we suggest the deficit is 
located in the phonological encoding stage of speech production.
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Appendix A. List of stimuli: Three sets of words and two sets of nonsense 
words
Real Words Nonsense Words
Set 1 Set 2 Set 3 Set 4 Set 5
1 'neimeyan 2 *fop" spen 3 ‘kukuks* klok 21 'pabata 39 4pota
4 'diploma 5 ‘fits* tas 6 'vut* bal* uef'streit 22 'faxaka 40 'bapa
7 ‘pijama 8 ‘koks* kint 9 ‘kl0r# pot" lot 23 ‘ladata 41 ‘lada
10 limo’nada 11 ‘kap^stok 12 'blat#seida 24 ‘katada 42 ‘Xafa
14 ‘meneman 13 ‘nep* ski 15 ‘spik" splin" tarB niuu 25 “nalama 43 'tada
17 ‘linijal 16 ‘tik 'spe l 18 'tant* pas* ta 26 ‘bapama 44 'kax9
20 ‘portarmene 19 ‘klets* kaus 59 'Xaret* sxap‘J kist 27 'bakapa 45 'nom a
58 para'ply 57 ‘pnk^stak 62 ‘hart#stikastu:r 28 ‘saxata 46 'bapa
61 lokom o’tif 60 ‘huts? pot 63 ‘blik^sArr/fiits 29 ‘tañada 47 'lana
65 ‘padastul 64 ‘viltff stift 66 "brant" uer* spœit 30 ‘bapaka 48 'daba
31 'xatasa 49 'data
32 'dalata 50 'naia
33 'tadaka 51 'pake
34 'Xafaka 52 'paba
35 'm abapa 53 'sata
36 'pataba 54 'safa
37 ‘lanama 55 'nada
38 ‘tadana 56 'tada
Note. Each set of words contains 10 items; each set of nonsense words contains 
18 items. Numbers refer to the order in which the items were presented. Alt 
nonsense words consist of open (consonant-vowel) syllables; for syllables that 
deviate from the open consonant-vowel structure in words, the syllable 
boundaries are indicated by the symbol *.
Set 1 consists of words with (predominantly) open consonant-vowel syllables;
Set 2 consists of words with a medial plosive-fricative-plosive sequence;
Set 3 consists of more complex words containing also closed (consonant-vowel- 
consonant) syllables and consonant clusters;
Set 4 consists of three-syllable nonsense words;
Set 5 consists of two-syllable nonsense words.\
Appendix B. Confusion matrices of consonant realizations in syllable-initial position on 30 
words and 36 nonsense words of the DVD group
Matrix A.
Words Realization
P t k b d s z j f * * h m n I (r) 0 Total PCC
p 60 3 2 . 1 66 90.9
t 4 58 1 1 , , , 1 , . 1 66 87.9
k 1 23 64 2 2 2 , , , . 4 98 65.3
b 2 , , 9 , , , , , 11 81.8
d 6 1 , 11 , 7 , 9 5 (2) 2 41 26.8
T s , , , 19 1 , , , . 2 22 86.4
A j , , , , 14 1 4 2 . 1 22 63.6
R f 1 3 1 4 35 , , , , 44 79.5
G * , , , , 21 1 , , , 22 95.5
E * , 3 , 1 14 , , , . 4 22 63.6
T h , , , , 21 , , , , 21 100.0
m , 1 1 1 , 1 , 62 15 , . 6 87 71.3
n , , 1 , , 13 57 3 . 3 77 74.0
I 2 • • • 10 2 4 28 . 9 55 50.9
Total 76 92 68 9 13 26 1 21 39 22 16 33 77 90 38 (2) 33 654 74.1
# substitutions
PCP 11.2 3.3 1.7 0.7 2.9 1.4 11.6 7.7 -- 148
24.1 0.0 4.8 5.0 0.7 8.1 25.2 (1.4)
Matrix B.
Nonsense words Realization
P t k b d s z f *  * h m n ★ 1 (□) 0 Total PCC
P 101 4 4 9 2 . 1 121 83.5
t 9 117 14 , 12 2 , . 2 3 1 1 2 . 1 164 71.3
k 7 18 53 1 4 , . 2 . 2 1 , , , , 88 60.2
T b 56 6 2 30 4 , . 1 . 2 6 , ■ (1) 1 108 27.8
A d 2 44 3 1 51 3 . 1 . 1 3 , 12 8 . , 129 39.5
R s 1 4 2 , , 29 . 3 . 2 , , 1 2 44 65.9
G f , 4 , , , 1 . 34 . 5 1 , , , 44 77.3
E * , 6 2 , , 3 . 7 .4 6 1 , , 1 , 66 69.7
T m 5 1 1 1 , , . 1 . 1 31 7 1 4 . 2 55 56.4
n , 2 1 , 6 , . 2 , 1 9 57 5 4 . , 87 65.5
I • 4 • • 3 1 . 4 • • 2 3 7 1 49 1 75 65.3
Total 181 210 82 42 80 39 0 55 2 61 11 51 84 7 69 (1) 7 981 62 .0
# substitutions
PCP 22.5 8.5 9.7 0.0 0.5 2.9 7.8 5.7 -  376  
__________ 28.2 4.0 2.8 5.7 4.2 5.6 1.9 (0.3)____________
S .
Explanation regarding Appendix B
Legend. For each target consonant, (a) the frequency of correct articulations (figures in 
bold), (b) the number of substitutions with other consonants and (c) the 
frequency of omissions (column labelled '0') are indicated. The rows refer to the 
target consonants, and the columns refer to the realizations of the consonants. 
Consonants that were no target in the speech tasks and not produced by the 
subjects were deleted from the confusion matrices. The consonants /j, u, h/ and 
/l/ were not used as targets in the syntagmatic analysis of consonant substitution.
Key. PCC: Percentage Correct Consonant for a particular target relative to the total 
number of consonant targets;
PCP: Percentage Consonant Preference or just how often a particular consonant was 
used as a substitute for other consonants relative to the total number of 
consonant substitutions (# substitutions) minus those substitutions related to 
the consonant for which the preference was being calculated were excluded 
from analysis.
An example of the calculation of PCP for the phoneme [t] in words (Matrix A): the [t] was 
realized a total of 92 times, which included 58 correct realizations and 34 substitutions for 
other consonants. The 34 substitutions of [t] for other consonants relative to the total 148 
consonant substitutions minus the 7 substitutions of the /t/ itself yields a PCP of 24.1% 
(34/141). A more detailed description of the procedures for the "preference" calculation 
can be found in the text.
\
CHAPTER 4
MAXIMUM PERFORMANCE TESTS (MPTs) 
IN CHILDREN WITH 
DEVELOPMENTAL SPASTIC DYSARTHRIA
Jan wit, Ben Maassen, Fons Gabreëls and Geert Thoonen
Slightly adapted version of article published 
in
Journal o f Speech and Hearing Research, 1993, 36, 452-459
Abstract
Three non-invasive Maximum performance tasks (MPTs): maximum sound 
prolongation (MSP), fundamental frequency range (FFR) and maximum 
repetition rate (MRR), were administered to 11 children with spastic dysarthria 
due to cerebral palsy and to 11 control children with normal speech in order to 
determine the value o f the tasks to differentiate between these groups o f children. 
From the acoustic measurements, nine parameters were calculated; in seven of 
them highly significant group differences were found. By adding the unweighted 
z-scores o f four parameters (maximum sound prolongation, syllable duration, 
fundamental frequency range, inter-utterance variability o f syllable duration), a 
composite z-score was constructed with non-overlapping distributions for the 
two groups. It can be concluded that maximum performance tasks, despite the 
large intrasubject and intersubject variability in both normal and pathological 
speakers, were powerful tools for detecting spastic dysarthria.
Introduction
Maximum performance tasks (MPTs) examine the upper limits of performance 
for selected speech mechanisms. Although MPTs differ from normal speech 
production they might provide useful information, especially about speech 
disorders. The diminished strength, speed, and range they identify can have 
negative effects upon the intelligibility and naturalness of the disordered speech. 
For example, two generally observed symptoms of spastic dysarthria are poor 
breath control and slow speaking rate. Together these two symptoms, which can 
be identified by the tasks maximum sound prolongation (MSP) and maximum 
repetition rate (MRR) tasks respectively, may lead to short and interrupted 
phrases. Furthermore, although pauses in normal speech appear to be more 
dependent on syntactic structure than on the physiological requirements of 
respiration, in speakers with spastic dysarthria pauses may be a response to 
physiological limitations rather than to syntactic structure (Bellaire, Yorkston, & 
Beukelman, 1986). Therefore, in the clinical assessment of motor speech disor­
ders MPTs form a valuable supplement to perceptive judgements of speech. With 
MPTs, components of the speech mechanism are tested separately. Therefore, 
MPTs can be administered to help determine the locus and the general 
pathophysiologic consequence of a particular impairment (Netsell, 1983). 
Finally, MPTs can be applied in a highly standardized way, and objective and 
reliable analysis techniques are available to evaluate the obtained speech 
performances.
The basic issue in this article is the value of three MPTs - maximum sound 
prolongation (MSP), fundamental frequency range (FFR), and maximum 
repetition rate (MRR) (Kent, Kent, & Rosenbek, 1987) - in detecting children 
with spastic dysarthria due to cerebral palsy. To date, no studies have been 
reported on MPTs in children with motor speech disorders. Most MPTs studies 
have been conducted on adult subjects. There are three reasons, however, why 
the results of adult studies can not easily be applied to children. First, maturation 
of the speech motor system is not complete before the age of 12 years (Kent, 
1976). This developmental given will be reflected in performance on the 
components tested in the three MPTs. Therefore, the performances of children 
with a speech disorder should be compared to the performances of their 
chronological peers. Second, a particular neurological impairment in a young 
child not only distorts any movement patterns that have already formed but also 
forms an obstacle for the normal acquisition of movement patterns. Finally, 
many young children have difficulties with the unnaturalness of the MPTs.
Therefore, a different approach is needed in terms of instruction and practice trials.
We selected three tasks to assess separate components of the speech mechanism. 
In speech and speech-related behavior the respiratory capacity depends not only 
on the vital capacity (VC), but also on the control of the expiratory air stream and 
the modification of the laryngeal and supralaryngeal valves. The primary purpose 
of the first task, maximum sound prolongation (MSP), was to evaluate this 
respiratory capacity. Therefore, five variants of the task were used: prolongation 
of the vowel /a/; of the fricatives /f/, /s/, and /z/; and repetition of the syllable 
/m a/. A common factor underlying performance on these five variants is that the 
maximum duration is dependent on the vital capacity of the respiratory 
mechanism. The variants differ with respect to the primary locus of resistance 
involved in regulating the air stream. Prolongation of the vowel /a/ involves the 
vocal folds; for the prolongation of the voiceless fricatives /f/ and /s/ labiodental 
and alveolar constriction are the primary resistance. This requires fine control 
over the lip and tongue muscles, respectively. For /z/ both the vocal folds and the 
tongue are involved. Finally, for the repetition of the syllable /m a / the maximum 
duration is affected by the air flow through the larynx and the control over the 
jaw  and lip muscles. In the present study, we defined MSP as the longest length 
of time over which phonation and/or articulation can be sustained, averaged over 
the five variants.
To evaluate the phonatory mechanism we selected the parameter fundamental 
frequency range (FFR), defined as the range of the fundamental frequency from 
lowest to highest, expressed in semitones.
The third task, maximum repetition rate (MRR), also known as maximum 
syllable rate or diadochokinetic rate, was defined as the maximum rate of 
repetition of a monosyllabic or multisyllabic sequence. The task has proven to 
give valuable information contributing to the diagnosis of motor speech disorders 
in adults (Darley, Aronson, & Brown, 1975; Fletcher 1972; Kent, Netsell, & 
Abbs, 1979; Kent, et al., 1987; Portnoy & Aronson, 1982). For the assessment of 
the MRR we selected the commonly used monosyllabic sequences /p ap a ../, 
/ta ta ../, /kaka./. To these we added the monosyllabic sequences with their 
cognate fricatives /fafa ../,8 /s a s a ../  and /% axa../. The amount of variability of
g
The voiceless labiodental /f/ is not exactly a fricative cognate of the voiceless bilabial 
stop /p/. In Dutch -as in English- a voiceless bilabial fricative does not exist. With /f/ we 
selected the voiceless fricative with a place of articulation that comes closest to /p/.
the relative positions of the articulators allowed for fricatives is smaller than that 
allowed for plosives (Hawkins, 1984), and therefore the production of fricatives 
requires more precise adjustment of the articulators than does the production of 
plosives. Sequences with fricatives were added, because precise adjustment of 
the articulators is an important problem in spastic dysarthria. Apart from 
monosyllabic sequences, multisyllabic sequences are often used in clinical 
practice for the assessment of motoric speech disorders. For our study the 
following four multisyllabic sequences were selected: /taka ../, /sa% a../, 
/p a tak a ../ and /fasa% a../.
To summarize, we selected three non-invasive maximum performance tasks that 
are easy to administer and analyze to obtain information about respiration 
capacity (MSP), fundamental frequency range (FFR) and articulation rate and 
variability (MRR). The tasks were administered to children with spastic 
dysarthria and to children with normal speech in order to evaluate the 
differentiating capacity of the tasks.
Method
Subjects
Our study group comprised 11 children with spastic dysarthria due to cerebral 
palsy - 7 boys and 4 girls (aged from 6;4 to 11;10 years; mean 8;10 years) - who 
were selected from two rehabilitation centers for motorically handicapped 
children and a control group of 11 children with normal speech - 8 boys and 3 
girls (aged from 6;05 to 11;06 years; mean 8;07 years) - who were selected from 
two elementary schools.
The selection criteria for the subjects with spastic dysarthria were (a) 6 to 12 
years old, (b) a medical diagnosis restricted to spastic quadriplegia due to 
cerebral palsy, (c) normal hearing, (d) no structural organic disorders of the 
speech organs and (e) mental and verbal ability to understand and perform the 
speech tasks. The speech-language pathologist (SLP) tested prospective subjects 
during a short screening session that consisted of a phoneme-discrimination test, 
the ADIT (Crul & Peters, 1976), imitation of eight short sentences, and 
imitations of pitch changes and duration changes while sustaining the vowel /a/. 
Also, a series of oral-motoric tasks was applied and the speech organs were 
carefully observed. The 11 age-matched children of the control group also were 
tested during a short screening session identical to that used with the dysarthric 
group.
In order to obtain an independent diagnostic judgement of the 22 subjects, 
speech samples of the children were perceptually evaluated by two speech- 
language pathologists at our department. From each child, a sample of
spontaneous speech and eight short sentences produced as imitations were 
recorded on audiotapes. The recordings were randomly ordered. As subject 
information only the sex and age of the children were given. There was a high 
level of agreement between the two SLPs regarding the classification of the 
children into the control and dysarthric groups. None of the control children were 
classified as dysarthric by either of the speech-language pathologists, and only 
two of the dysarthric children were classified as nondysarthric by one speech- 
language pathologist. Severity ratings were also obtained, expressed on a four- 
point scale (0 = normal to 3 = severely dysarthric). Agreement between the two 
speech-language pathologists was highly significant [Spearmann rho = 0.8325, t 
= 6.550, df  = 20, p  < 0.001]. However, the significance of this agreement was for 
the major part due to the perfect agreement with respect to the 11 children with 
normal speech (all 11 control children received a rating of 0). The significance of 
the agreement disappeared when calculated for the 11 dysarthric children 
[Spearmann rho = 0.4570, t = 1.453, df  = 9, p  > 0.1]. This study satisfied the 
primary condition that it must be possible to distinguish clearly between a 
pathological group and a control group. As far as severity ratings were concer­
ned, it should be noted that the speech samples offered very restricted informati­
on.
Recording procedure and equipment
The maximum performance tasks formed part of a larger set of tasks, in which 
phonetic and phonological abilities were also tested (Thoonen, Maassen, & Wit, 
1991). Two of the present authors supervised the test sessions: one to instruct the 
child, the other to monitor the recording procedure. The test procedure (i.e., the 
screening test and the complete set of tasks) took three sessions of half an hour 
each for the dysarthric group and two sessions for the control group. The children 
were stimulated to maximum performance by the instructions.
The performances in response to the tasks were recorded on a Kenwood 
stereo cassette deck of the type KX-1100HX and a Shure (model SM 10 A) 
unidirectional head-mounted microphone placed near the right side of the mouth 
at a distance of 1 to 2 cm.
Acoustical analyses were performed on a personal computer using a DASH- 
16 AD/DA convertor with help of the computer program "Speech Lab" with 
which segment durations can be measured and stored in a file by making use of 
the oscillographic display and a movable cursor. Also, Speech Lab contains a fast 
algorithm for fundamental frequency (F0) extraction, which operates in the time 
domain and is resistant to noise. The algorithm is divided over four major steps. 
First, the speech signal is converted into prominent peaks of energy that are 
candidates for glottal pulses. Next, noise is reduced by eliminating all the peaks
that differ too much in amplitude or distance from their neighboring peaks. In the 
third step, the algorithm searches for an optimal pitch track derived from the 
differences between the peaks found in the previous step. In the fourth step, too 
high, too low, or too short pitch segments are eliminated. The algorithm has 
proven to give reliable results on a very wide variety of speech sources, including 
tone language studies, aphasic speech, and children's speech (Reetz, 1989)9.
Tasks and measurements
For the maximum sound prolongation (MSP) the children were requested to 
sustain the speech sounds /a/, /z/, /f/, /s/ and to repeat the syllable /m a / for as 
long as possible. After instruction the children were given three trials, and the 
durations of all three trials were measured directly from the audio tape by using a 
stopwatch. After selection of the longest trial, this trial was measured twice 
more. The mean of the three measurements per sound was calculated. MSP was 
defined as the mean duration of all five longest utterances. Also the s/z ratio, the 
maximum duration of /s/ divided by the maximum duration of /z/, was 
calculated.
For the fundamental frequency range (FFR) the fast steps procedure of Reich, 
Mason, Frederickson and Schlauch (1989) was used. First, the child was asked to 
start at a comfortable pitch level and then to raise his or her voice in small steps 
to as high a pitch as possible. Next, starting from the same comfortable level, the 
child lowered his or her voice as much as possible. After instruction the children 
were given three ascending and three descending trials. The highest and the 
lowest of all the recorded trials were analyzed. Selection of the highest and 
lowest productions was based on perceptual judgement. The selected perfor­
mances were filtered, digitized (sampling frequency 10 kHz) and stored in 
computer memory. Maximum and minimum F0 were also measured with the 
help of the computer program Speech Lab. FFR was calculated by taking the 
difference (in semitones) between the maximum and minimum pitch.
For the maximum repetition rate, the children were asked to repeat as fast as 
possible the six monosyllabic sequences /p ap a ../, /ta ta ../, /kaka../, /fafa../, 
/sa sa ../, and /% axa../ and the four multisyllabic sequences /taka../, /sa%a../, 
/p a tak a ../ and /fasa% a../. After instruction and practice, the children were given 
several trials. The best of the recorded trials (i.e., correct and fastest according to 
perceptive judgement) were selected for further analysis. These best perfor­
Publications are in preparation on more recent reliability studies by the author of the 
program and by the Psychology Department of the University of Nijmegen.
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mances were digitized (sampling frequency 10 kHz) and stored in computer 
memory. Syllable durations were measured with the help of the Speech Lab pro­
gram. In the plosive-vowel sequences the onset of the burst phase was marked as 
syllable onset; in the fricative-vowel sequences it was marked as the onset of 
frication noise. On the basis of the marked syllable onsets, the following statistics 
were calculated per utterance: (a) mean syllable duration, (b) standard deviation 
of the syllable durations and (c) square root of the mean square successive 
difference. The latter measure was calculated to determine the extent of variance 
between successive syllable durations (Portnoy & Aronson 1982). Owing to the 
fact that the position of the syllable within the sequence was expected to have a 
strong effect on syllable duration, especially the prepausal lengthening (Klatt, 
1976), the final syllable of the sequence was excluded from the analysis.
Parameters and tests o f significance
The following text box presents the parameters that were calculated from the 
measurements. Parameters (8) and (9) were calculated because the temporal 
variability of syllable production, obtained from the diadochokinetic syllable 
rate, has also proved to be a useful index for speech motor pathology (Darley et 
al., 1975; Portnoy et al., 1982). For instance, in adult subjects with spastic 
dysarthria, Portnoy et al. (1982) found a slower and more variable syllable rate. 
An index for intra-utterance and inter-utterance temporal variability was the 
coefficient of variation (SD/M), rather than the standard deviation (SD). This 
was done because of the reported close relationship between speech rate and 
temporal variability also in the subjects with normal speech (Crystal & House, 
1988; Kent & Forner, 1980; Kent et al., 1979, 1987).
1) MSP, defined as the mean of the five longest durations
2) the s/z ratio, defined as the maximum duration of /s/ divided by the 
maximum duration of /z/
3) the FO minimum
4) the FO maximum
5) the FO range (in semitones)
6) the syllable duration in the monosyllabic utterances, defined as the 
mean syllable duration averaged over the six monosyllabic utterances
7) the syllable duration in the trisyllabic utterances divided by the syllable 
duration in the monosyllabic utterances (parameter 6)
8) the intra-utterance variability, defined as the coefficient of variation 
(SD/M) of the syllable durations averaged over the six monosyllabic 
utterances
9) the inter-utterance variability, defined as the standard deviation of the 
mean syllable durations of the six monosyllabic sequences divided by 
the grand mean over the utterances; this parameter was meant to be an 
expression of the long-term instability of the speech performances that 
we observed in the spastic children.
In order to test whether the differences between the groups on the various 
parameters were statistically significant, randomization tests were conducted. 
This procedure does not differ from the t test with respect to the calculated test 
statistics, but it does differ with respect to the determination of the level of 
significance. First the t-statistic was calculated for the experimental data, 
yielding the observed t-value. Then the data were permuted randomly over both 
groups of subjects, and the t-statistic was calculated for the new arrangement. 
After a large number of random permutations (in our case 10,000) and the 
calculation of a t-statistic for each permutation, the proportion of t-values equal 
to or greater than the observed t-value was calculated. This p-value represented 
the level of significance of the differences observed between the two groups. 
Random tests give valid results despite violation of the 'random sampling 
assumption' and violation of the test-specific parametric assumptions (for 
example, the normality assumption in the t test). Therefore we did not substitute 
parametric test statistics for any of the less powerful nonparametric variants 
(Edgington, 1987). In the case of the analyses of variance, the level of 
significance was determined in the conventional way, that is, not using the 
randomization procedure.
Although all the separate parameters yielded overlapping distributions (see 
below), it was possible to construct a composite z-score with nonoverlapping 
distributions. This composite z-score was the unweighted sum of the z-scores of a 
selection of parameters that showed significant differences between both groups 
of subjects. A composite z-score is not affected by the differences between the 
unit of measurement of the separate variables. The only assumption for using 
composite z-scores is that the relationship between the effects on the different 
dependent variables is predictable. More specifically, the variables must be 
expected to change in the same direction. For any variables that are expected to 
change in the opposite direction, the z-scores have to be reversed before they can 
be used for the composite (Edgington 1987). The group differences for the 
composite z-scores were tested for significance using the randomization 
procedure.
Results
The spastic dysarthric group scored poorer than the control group on all but two 
of the calculated parameters. The exceptions were the s/z ratio (parameter 2) and 
the ratio of syllable duration in the trisyllabic and monosyllabic utterances 
(parameter 7), which were about the same for both groups. Compared to the 
control group, the dysarthric group produced generally shorter durations in the 
MSP tasks, smaller F0 ranges in the FFR task and slower and less regular 
articulation rates in the MRR tasks. However, overlaps in the distributions of 
both groups were found.
Maximum sound prolongation
Performance measurements of the task MSP are presented in Table 1. On all five 
variants of MSP, the mean duration of the dysarthric group was shorter than the 
mean duration of the control group. The mean overall MSP were 15.58 and 5.59 
sec, respectively [randomization test: t = 4.94, p  = 0.0001]. In a two-way analysis 
of variance, no significant difference was found between the five variants of the 
MSP task [F(4,95) = 0.242, p  = 0.914] and the interaction between the groups of 
subjects and variant [F(4,95) = 0.208, p  = 0.934]. For each subject, the 
coefficient of variation was calculated for the five separate durations. This coeffi­
cient was larger, although not significantly, in the dysarthric group, 0.2782, than 
in the control group, 0.1897 [randomization test: t = 2.028, p  = 0.0558]. In both 
groups we found a moderate age effect; the Pearson correlation coefficient 
between age and overall MSP was 0.753 (p < 0.01) for the control group and 
0.667 (p < 0.05) for the dysarthric group. The mean s/z ratio was greater than 1
for both groups, and no significant difference was found between the groups 
[randomization test: t = 0.120, p  = 0.3684].
Table 1. Durations and average duration in seconds o f the five variants o f the MSP 
task and the s/z-ratio for the control and the dysarthric groups.
Item
Control group Dysarthric group
PM SD Range M SD Range
/a/ 15.79 4.34 9.81-25.53 5.40 4.41 0.96-16.49 0.0002
/f/ 15.18 5.96 6.21-26.29 4.79 5.73 1.18-17.11 0.0006
/s/ 17.00 5.97 8.15-27.39 5.89 6.26 1.69-23.32 0.0003
/z/ 15.16 4.11 7.61-23.06 5.83 6.30 0.93-21.80 0.0005
/ma/ 14.76 3.10 10.36-20.46 6.02 5.30 2.47-19.68 0.0002
Mean 15.58 3.98 8.57-23.63 5.59 5.41 2.21-19.31 0.0001
s/z 1.12 0.26 0.74- 1.62 1.08 0.30 0.57- 1.50 0.3684
Note. The significant differences between the control and dysarthric groups, tested according 
to the randomization test, are presented in the last column. .
Fundamental frequency range
Table 2 gives the results of the F0 minimum, F0 maximum and F0 range in 
semitones.
/T ab le 2. FFR (F0 minimum, F0 maximum, and F0 range) in semitones for the control 
and the dysarthric groups.
Î-tCo
U
group Dysarthric group
Aspect M SD Range M SD Range P
F0-min 167.5 26.3 125-212 221.0 32.9 163-256 0.0003
F0-max 725.2 123.7 526-909 491.6 128.1 303-666 0.0003
F0-range 5.3 4.8 15.7-30.0 13.4 6.4 3.3-23.3 0.0002
Note. In the last column the significant differences between the control and dysarthric groups, 
\according to the randomization test, are presented.
The mean F0 minimum was higher for the dysarthric group than for the control 
group; the mean F0 maximum was lower for the dysarthric group than for the
control group, yielding a more restricted F0 range for the dysarthric group than 
for the control group. The group differences on all three measurements were 
highly significant [randomization test: F0 minimum: t = -4.21, p  = 0.0003; F0 
maximum: t = 4.35, p  = 0.0003; F0 range: t = 4.95, p  = 0.0002].
For the range of pitch, a moderate age effect was found only in the dysarthric 
group (Pearson correlation coefficient between age and pitch range was 0.772, p  
< 0.01).
Maximum repetition rate
In Table 3 the group results are presented for the performances on the six monosyllabic 
sequences /p ap a ../, /ta ta ../, /kaka../, /fafa../, /sa sa ../, and /%axa../.
/T ab le  3. Maximum repetition rate (MRR): mean, standard deviation, and level o^f 
significance (randomization test) ofthe average syllable duration ofthe six monosyllabic, 
the two bisyllabic, and the two trisyllabic sequences and of the ratio o f the average 
monosyllabic and trisyllabic syllable duration.
Sequences
Control group Dysarthric group
M SD Range M SD Range P
Monosyllabic 210.9 24.3 180.9-264.0 358.7 79.5 226.6-498.7 0.0001
Manner: plosive 196.7 26.8 337.7 97.6
fricative 225.0 27.8 379.8 87.2
Place: labial 201.0 27.1 330.4 87.2
alveolar 208.2 28.6 344.7 86.5
velar 223.4 32.7 401.1 97.5
Bisyllabic 201.3 33.8 386.1 107.1 0.0001
Trisyllabic 206.2 32.3 369.1 93.9 0.0001
Ratio mono/multi 1.03 0.10 0.99 0.12 0.1641
In a two-way analysis of variance the factors “Group of subjects” (levels: control 
children, dysarthric children) and “Manner of articulation” (levels: plosive, 
fricative) were highly significant for the factor Group [F1 = 154.98, p < 0.001] 
and for the factor Manner [Fj = 8.786, p  = 0.004]. No significant interaction was 
found between the two factors [F2 = 0.342, p  = 0.559]. In a second analysis of 
variance the factor “Place of articulation” (levels: labial, alveolar, velar) was 
significant [for the factor Group: F 1 = 159.15, p  < 0.001; for the factor Place: F  
= 5.760, p  = 0.004] and again no significant Group-Place interaction was found 
[F1 = 1.646, p  = 0.197].
Table 3 also shows the results of the performances in repetition of the two 
bisyllabic sequences, /tak a ../ and /sax a ../, and the two trisyllabic sequences, 
/p a tak a ../ and /fasax a ../. In a two-way analysis of variance the factor “Group 
of subjects” was highly significant [F1 = 246.71, p  < 0.001], but the factor Task 
(levels: mono-, bi-, and trisyllabic) was not significant [F2 = 0.247, p  = 0.781], 
and no interaction was found between Group and Task [F2 = 1.063, p  = 0.347].
f^Table 4. Temporal variability o f monosyllabic sequence repetitions.
Control group Dysarthric group
M M p
Intra-utterance 0.155 0.232 0.0030
Inter-utterance 0.100 0.152 0.0136
As can be seen in Table 4, both intra-utterance and inter-utterance variability 
were significantly higher for the dysarthric group than for the control group 
[randomization tests: t = -2.94, p  = 0.003, and t = -2.38, p  = 0.0136, 
respectively].
Composite score
Although the group differences were highly significant for all seven parameters, 
the distributions of parameter values from the two groups overlapped. Therefore, 
we calculated for all possible combinations of these seven parameters the z- 
composite with the corresponding t-statistic. The composite with the highest 
absolute t-value was selected as the most discriminating composite. This 
composite comprised the following four parameters: MSP, F0 range, mean 
syllable duration of the monosyllabic sequences and inter-utterance variability. 
The group difference on this composite score was highly significant 
[randomization test: t = 9.213, p  = 0.0001], and there was no overlap between the 
distributions of composite z-scores of the dysarthric and the control group.
Figure 1 presents the scores of the 22 subjects on the four selected parameters in 
four separate bar charts. Before using them for the z-composite, the z-scores of 
the two parameters (mean syllable duration and inter-utterance) variability, were 
reversed. In Figure 2 the z-composite scores are presented.
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Figure 1. Four parameters (Maximum Sound Prolongation, Fundamental Frequency Range, 
Mean Syllable Duration, and Inter-Utterance Variability) of l l  control children (black bars) and 
11 dysarthric children (patterned bars). In both subject groups, the children are ordered 
according to age. On each of the four bar charts the parameter scores can be read on the left side, 
e z-scores on the right side.
Multiple t tests
Because a total of 15 tests for significance were performed in this study, there is 
a risk that one or more of the effects were significant by chance. To control for 
this risk, we divided the nominal alpha level, 0.05, by the number of tests, 15. On 
the basis of the resulting alpha level of 0.0033, only one effect, the group 
difference of the parameter inter-utterance variability (p=0.0136), might be 
questioned. The overall result of the study remains valid.
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Figure 2. The composite z-scores of 11 control children (black bars) and 11 dysarthric children 
(patterned bars). Both groups ofchildren are ordered according to age. The composite is the sum 
of unweighted z-scores of the four parameters (Maximum Sound Prolongation, Fundamental 
Frequency Range, Mean Syllable Duration, and Inter-Utterance Variability). The z-scores of the 
latter two parameters were reversed before using them for the composite.
Discussion
For this study, three non-invasive maximum performance tasks (MPTs) that are 
easy to apply and analyze were selected to obtain information about respiratory 
control (MSP), fundamental frequency range (FFR) and articulation rate and 
variability (MRR). The tasks were administered to 11 children with spastic 
dysarthria due to cerebral palsy and to 11 children with normal speech. From 
acoustic measurements of the task performances nine parameters were derived in 
order to evaluate the differentiating capacity of the tasks. The results showed that 
the dysarthric children produced shorter sounds and sound sequences in the MSP 
task, a more restricted FFR and obtained higher and more variable syllable 
durations in the MRR task than did the control group. Each of these differences 
was highly significant. Although overlap was found between the distributions of 
the scores for each of these parameters in the two groups of subjects, it was 
possible to construct a composite z-score with significantly different,
nonoverlapping distributions of scores. This means that on the basis of the 
combined performances on the three MPTs all spastic dysarthric children in this 
study could be distinguished from all control children.
The results of our control group correspond reasonably well with data from other 
studies. The mean duration of the maximum prolongation of the vowel /a/ in our 
control group, M = 15.8 sec., is in good agreement with the normative data of 
Finnegan (1984), who found a mean of 16.8 sec. for 9-year-old boys and 14.5 
sec. for 9-year-old girls and a clear age effect. Lewis, Casteel and McMahon 
(1982) found higher durations for 8-year-old boys and girls of 20.0 and 19.1 sec., 
respectively, but Williams (cited in Kent et a l, 1987) found shorter durations for 
the same age group: 13.3 sec. for boys and 13.6 sec. for girls. In both the spastic 
dysarthric and the control groups the mean s/z ratio was greater than 1, which is 
in contrast with the data of Tait, Michel and Carpenter (1980) and Eckel and 
Boone (1981).
In a study of 10-year-old boys and girls, Reich et al. (1989) found fundamental 
frequency ranges of 27.9 semitones for the boys and 31.8 semitones for the girls. 
These ranges are slightly higher than the ranges we found in our control group. 
Our results for intra-utterance variability of syllable duration in the MRR 
corroborate the results of Portnoy et al. (1982). Portnoy et al. found slower and 
less regular articulation in spastic dysarthric adults than in adults with normal 
speech.
In their review article, Kent et al. (1987) reported large intersubject and 
intrasubject variability for most of the measures of maximum performance. We 
too found large intersubject variability for all the parameters in both our groups 
of subjects. The considerable variation in age in both groups, roughly from 6.6 to 
11.6 years, is partially responsible for this variability. The number of children 
was too small to statistically remove the effect of age on the scores. Despite the 
variation in both groups, however, we found only small overlaps in the 
distributions of scores for most of the parameters and no overlap in the 
distributions of the composite scores. Dysarthria appeared to be a very strong 
factor and to account for most of the intersubject variability. This finding 
justifies the conclusion that the large intersubject variability need not affect the 
differentiating capacity of MPTs. A larger control group and a balanced age 
distribution of the children will substantiate this finding even further.
No direct measure of intrasubject variability could be obtained because only one 
utterance per subject was analyzed for each variant of the MSP task (i.e., 
sustaining /a/, /s/, /f/, /z/ and repeating /m a/). Nevertheless an estimate was made 
of intrasubject variability by analyzing the durations of the five variants 
considered to be replications. No significant difference was found between the
five variants of the MSP task. Moreover, the interaction between the groups of 
subjects and variant was not significant, which justifies this procedure. Thus, the 
intrasubject variability can be expressed by the coefficient of variation of the five 
separate durations. This coefficient for the dysarthric group was not significantly 
larger than that for the control group. So the limited duration of maximum sound 
prolongations in spastic dysarthric children cannot be related to a particular 
speech mechanism.
In the MRR task, we found larger intrasubject variability of syllable duration for 
the spastic dysarthric children than for the controls, expressed by the parameter 
inter-utterance variability. Analysis of variance on the syllable durations of the 
six monosyllabic sequences yielded significant results for the place and manner 
of articulation factors. However, the interactions between place and manner, on 
the one hand, and groups of subjects, on the other, were not significant. Thus, the 
larger intrasubject variability cannot be ascribed to effects of place or manner, 
but must be accounted for by a larger temporal instability in the spastic dysarthric 
children.
We conclude that maximum performance tasks, despite the large intrasubject and 
intersubject variability in both normal and pathological speakers, form a valuable 
contribution in diagnosing spastic dysarthria.
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Abstract
Maximum performance tasks (MPTs) were employed to quantify the speech 
motor capacities o f children with dysarthria and developmental apraxia of 
speech. Specifically several MPTs (i.e., vowel prolongation, fricative 
prolongation, maximum syllable repetition rate) were conducted among nine 
carefully selected children with spastic dysarthria, 11 children with 
developmental apraxia of speech (DAS) and 11 age-matched children with 
normal speech. The results indicated that children with spastic dysarthria can be 
differentiated from both DAS and normal subjects on only two of the MPTs (i.e., 
monosyllabic repetition rate and vowel prolongation). Children with 
developmental apraxia o f speech, furthermore, differed from the normal children 
on fricative prolongation and trisyllabic repetition rate, as well as on measures 
of trisyllabic repetitive performances (i.e., number o f sequencing errors and 
number o f attempts). The findings underscored the clinical importance o f MPTs 
for the differential diagnosis and for the quantification o f the degree of 
involvement in speech pathology
Introduction
In clinical practice speech motor evaluations often include maximum 
performance tasks (MPTs). To date, the use of these tasks among children with 
dysarthria and developmental apraxia of speech (DAS) has had little research 
attention. MPTs attempt to examine the upper limits of performance for the 
separate components of the speech mechanism: respiration, phonation, and 
articulation (Kent, Kent, & Rosenbek, 1987). A systematic evaluation of the 
speech mechanism has been proposed as an auspicious approach in speech 
assessment (Aten, 1983; Rosenbek & LaPointe, 1978). A component analysis 
enables clinicians to determine the type and locus of impairment (Netsell, 1983) 
and provides clearer objectives for treatment (Riley & Riley, 1984). Although 
MPTs assess abilities that differ from normal speech production (Kent et al., 
1987; Lass & Sandusky, 1971; Tiffany, 1980), they provide information on 
motor speech abilities underlying dysarthria and DAS (e.g., articulatory 
coordination, breath control, speaking rate, speech fluency, articulatory accuracy 
and temporal variability). The quantification of these abilities contributes to 
differential diagnostic decisions, like those made by Darley, Aronson and Brown 
(1975), and allows for an assessment of therapeutic progress. In the present 
study, the focus is on developmental apraxia of speech (DAS), and whether this 
disorder can be distinguished from both spastic dysarthria and normal-developing 
speech by using measures of MPT.
This study focuses on two tasks of maximum performance. The first, maximum 
repetition rate (MRR) or diadochokinetic rate, requires production of rapid 
repetitions of mono-, bi-, and trisyllabic sequences (Portnoy & Aronson, 1982; 
Tiffany, 1980). MRR is widely used to assess motor coordination and control of 
articulation (Darley et al., 1975; Ruscello, St.Louis, Barry, & Barr, 1982) and is 
often cited as an important component in the evaluation of speech motor skills of 
children (Conture, 1990; Robbins & Klee, 1987). There is a long history of 
studying MRR, that goes back to West and Nusbaum (1929). Developmental 
trends in the MRR of normal-speaking populations are shown by several studies 
(Canning & Rose, 1974; Fletcher, 1972; Haselager, Slis, & Rietveld, 1991; 
Henry, 1990; Tait, Michel, & Carpenter, 1980; Williams, Ingham, & Rosenthal, 
1981). In general, the findings indicate that younger children produce slower 
rates with greater variability than older children. O f greater importance are the 
reports of differential patterns of MRR for normal as compared to neuromotor- 
impaired children and adults (Aram & Glasson, 1979; Canter, 1965; Crary & 
Anderson, 1990; Portnoy & Aronson, 1982; Robb, Hughes, & Frese, 1985; Wit, 
Maassen, Gabreels, & Thoonen, 1993; Yoss & Darley, 1974). Moreover, Darley
et al. (1975) reported that MRR is of differential importance for particular types 
of motor speech disorders. For the diagnosis of developmental apraxia of speech 
the repetition rates of multisyllabic sequences can be considered of major 
importance because problems in correctly sequencing is considered a core 
characteristic of DAS (Crary, Landess, & Towne, 1984; Hall, Jordan, & Robin, 
1993; Skenes, 1987). MRR is included in several assessment procedures for 
speech/language pathology (Blakeley, 1980; Darley et al., 1975; Robb et al., 
1985), which stresses the importance of this measure as a clinical tool.
A second task, maximum sound prolongation (MSP), is used to examine the 
upper limits of performance for the respiratory, phonatory and articulatory 
mechanisms. The performance of MSP is primarily determined by the vital 
capacity of the respiratory mechanism. However, the performance also depends 
on the control of the phonatory and articulatory systems. Studies on MSP in 
adults and children reveal that the respiratory and phonatory capacities evidenced 
by normal-speaking subjects typically exceed those necessary for speech (Eckel 
& Boone, 1981; Finnegan, 1985; Harden & Looney, 1984; Larson, Mueller, & 
Summers, 1993; Tait et al., 1980; Trullinger & Emanuel, 1989). Only a very 
limited number of studies has reported on MSP for children with motor speech 
disorders. A previous study (Wit et al., 1993 [see Chapter 4 of this thesis]), 
showed that MSP significantly contributes to the differentiation of children with 
spastic dysarthric from children with normal speech. In that study MSP was one 
of four parameters, derived from three MPTs, necessary to obtain a perfect 
discrimination.
A diagnosis of developmental apraxia of speech is based on both segmental 
speech errors (Crary et al., 1984) and non-speech abilities (Aram & Horwitz, 
1983). Speech-like behavior is considered an especially crucial component for 
the differential diagnosis of speech motor disorders (Johns & Darley, 1970; Kent 
& Rosenbek, 1983). The differentiation of speech motor disorders is complicated 
by similarities in symptoms between children with different types of speech 
impairment which can be expected for two reasons. First, any speech-motor 
impairment can create an obstacle for normal speech development. Thus, speech 
motor disorders --dysarthria or DAS-- are likely to cause a developmental delay, 
which will manifest itself in non-specific symptoms. Second, clinical experience 
suggests that mixed forms of impairment frequently occur. Thus, many children
with DAS also have dysarthria to a certain degree, and vice-versa. Quantification 
of symptoms, based on objective measures, will contribute towards assessing the 
relative involvement o f a particular impairment for an individual child (McNeil 
& Kent, 1991; Tyler & Figurski, 1992).
The present study aims at the integrated use of MPTs in differential diagnostic 
evaluations among children with motor speech disorders. Up to now the actual 
sensitivity and selectivity of MPTs is largely unknown. In this study MPTs were 
administered to children, who were selected as clear representatives of DAS or 
dysarthric populations. A standardized protocol was developed for the 
administration and analysis of MPTs. The obtained quantitative measures, 
derived from MPTs form the basis for a clinical decision procedure.
Method
Subjects
Three groups of subjects participated in this study: a group of children with DAS, 
selected from three special schools for speech-language disordered children in 
The Netherlands; a group of children with spastic dysarthria, recruited from two 
rehabilitation centers for motorically handicapped children; and a group of 
children with normal speech, selected from two elementary schools.
In the pre-selection, information was obtained from medical and educational 
records plus a speech evaluation made by the school speech-language 
pathologists. The speech criteria for DAS were derived from the characteristics 
mentioned in Hall (1992), Hall et al. (1993) and Stackhouse (1992). The speech 
criteria for inclusion were: high rates of speech sound errors, groping of the 
articulators, periods of highly unintelligible speech, difficulties or inability to 
produce complex phonemic sequences, high incidence of context-related sound 
substitutions (e.g., metathetic errors), and an inconsistent speech performance. 
An inclusion criterion obtained from the medical and educational records was a 
slow development and remediation of speech skills. The medical records of the 
spastic dysarthric children revealed that all children were diagnosed as 
quadriplegic due to infantile encephalopathy with no evidence of cerebellar 
disease, dystonia, or choreoathetosis. The primary speech diagnosis was spastic 
dysarthria. The classification of spastic dysarthria was based on a cluster of 
speech symptoms as described by Yorkston, Beukelman and Bell (1987) and re­
evaluated by Workinger and Kent (1991). The speech criteria for inclusion were: 
slow speech rate, hypernasality, low and monotonous pitch, harshness of voice 
with strained and strangled quality, and imprecise consonant production.
In addition, information derived from the medical and educational records was 
used to form exclusion criteria. Each selected child had essentially normal 
hearing capacities as measured by pure-tone audiometric testing (maximum 
hearing loss of 25 dB at better ear); had no structural problems in the speech 
organs that could be held responsible for their speaking problems; and did not 
suffer from a severe attention deficit. Each child with DAS functioned within a 
normal range of intelligence (IQ-range on standardized tests of intelligence was 
84 to 108). The spastic dysarthric children revealed normal to slightly below- 
average intellectual capabilities (from 75 to 98).
After the pre-selection, each child was tested during a short screening session. 
This screening included: (a) phoneme discrimination in minimal-pair sound 
contrasts (Dutch Auditory Discrimination Test, Crul & Peters, 1976); (b) 
imitation of pitch and temporal changes while sustaining the vowel /a/; (c) 10 
minutes of spontaneous speech and (d) imitation of eight short sentences. The 
second task was used to determine whether the child could comprehend the task 
instructions, and the latter two tasks were used to ascertain that each child 
demonstrated a complete phonemic repertoire. After the screening, a total 
number of 21 children with developmental apraxia of speech, 15 spastic 
dysarthric children and 24 children with normal speech were selected.
The final admission to the subject groups required the child to pass another phase 
of selection. Each child had to be unequivocally diagnosed by certified speech- 
language pathologists (Child Neurology Center, University Hospital Nijmegen) 
as a clear case of spastic dysarthria or DAS. Audiotaped recordings of 
spontaneous speech and sentence imitations were used for diagnostic 
classification. The speech-language pathologists (SLPs) had no access to the 
medical and educational records. The speech criteria used for the classification of 
DAS and dysarthria were identical to those used in the pre-selection by the 
school speech-language pathologists. Besides the categories of dysarthria and 
developmental apraxia of speech, classifications of dysphasia, functional 
articulation problem, and speech-language delay were also made by the speech- 
language pathologists in a descriptive manner. In addition to the diagnostic 
classifications, severity ratings of DAS and dysarthria were obtained, depicted on 
a four-point scale: normal speech (0), and mild (1), moderate (2), severe (3) 
involvement.
Admission to the experimental DAS group required a perfect (100%) agreement 
between the two speech-language pathologists in categorizing the speech 
characteristics as moderate to severe symptoms of DAS, and not as mild to
severe dysarthric symptoms. Admission to the experimental dysarthric group 
required that the observed speech characteristics were classified exclusively as 
dysarthric, were rated as moderate to severe, and that none of the characteristics 
was related to DAS even in its mildest forms. Based on the diagnostic 
classifications and severity ratings of both speech-language pathologists, 10 
children were excluded from the group of 21 pre-selected children with DAS. 
Four children were excluded due to moderate or low inter-judge agreements on 
classification. For three of these four children the label dysarthria also applied. 
Six children were discarded because they were rated as only mildly dyspraxic. 
An experimental group of 11 children with DAS remained. The two speech- 
language pathologists agreed perfectly on the classifications of the 15 pre­
selected dysarthric children. However, a total of six children were excluded from 
this group because they out-ranged the children with DAS on chronological age 
(11 ;00 to 16;05 years). On these grounds, an experimental group of nine spastic 
dysarthric children remained10.
Table 1 shows the gender, age, aetiological information, and speech severity 
ratings of 11 DAS subjects and nine spastic dysarthric subjects.
^Table 1. Clinical data ofcontrol, DAS and dysarthric groups. >
Subject No. of Gender Age Etiology Severity
Group cases Male Female Mean Range Mild Moderate Severe
Control 11 8
oo;CO 6;00-8;03 --- ---
DAS 11 9 2 6;11 6;03-7;09 unknown 0 7a 4
Dysarthria 9 5 4 8;01 6;04-10;03 infantile 0 
encephalopathy
4 5
Note. a One of the children with DAS (case DP9 in Appendix B) was rated as mildly DAS by 
of the judges, whereas the other judge labeled the child as moderately DAS.
one
A total number of 24 children with normal speech was initially selected by a 
classroom teacher using a restricted set of guidelines. Among these were the
The speech performances of seven of the nine dysarthric children, selected for this study, 
have been described in the study of Wit etal. (1993) [see Chapter 4 of this thesis].
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requirements that the children did not evidence learning disabilities; a history of 
hearing problems; speech and language problems; or speech-limiting structural 
abnormalities. Based on school performance and information from the classroom 
teachers, normal levels of cognitive, motoric, and perceptual functioning could 
be assumed. Just as for the children with DAS, and the dysarthric children, each 
child was screened for language and hearing, and the samples of spontaneous 
speech and sentence production were evaluated by the two speech-language 
pathologists. No judge, unaware of the children's status (control group versus 
disordered groups), detected speech problems for these 24 children. A group of 
eleven normals was selected that matched both speech disordered groups on age 
and gender.
Maximum Performance tasks
Two maximum performance tasks (MPTs, Kent et al., 1987) were used to 
determine the upper limits of the speech-motor capacities of respiration, 
phonation, and articulation. In the first task, maximum sound prolongation 
(MSP), the children were requested to sustain the speech sound /a/, to repeat the 
syllable sequence /m am a../, and to sustain the fricative sounds /f/, /s/, and /z/ for 
as long as possible. The primary purpose of this task was to evaluate the 
respiratory and phonatory capacities, which depends in speech not only on the 
effective capacities of the expiratory mechanisms but also on the functioning of 
the laryngeal and supralaryngeal mechanisms. The five variants of the MSP task 
differ with respect to the primary locus of resistance involved in regulating the 
air stream. The prolongation of the sound /a/ involves the vocal folds, whereas 
the prolongation of the voiceless fricatives /f/ and /s/ involves fine control over 
lip (labiodental) and tongue (alveolar) movements, respectively. For a sustained 
production of /z/, both the vocal folds and the tongue are involved. Finally, the 
maximum duration of repeating the syllable sequence /m a m a ../ is affected by 
the laryngeal air flow and the control of both the jaw and lip muscles.
In the second task, maximum repetition rate (MRR), the children were asked to 
repeat the monosyllabic sequences /p a p ap a ../, /ta ta ta ../ ,  and /kakaka../ and 
the trisyllabic sequence /p a tak a .../ as quickly as possible. This task was 
conducted to assess the coordinative abilities to execute repetitive movements of 
the lip and tongue under stressed conditions of speech rate. The three variants of 
the monosyllabic MRR task differ with respect to the primary locus of 
articulatory activities involved. The repetition of the syllable /p a / involves the
opening and closing of the jaw, the syllable /ta / involves a lifting of the tongue 
to the alveolar ridge, whereas the syllable /ka/ involves a lifting of the tongue 
body to the palatum. In the trisyllabic task (/pa taka/) also the sequencing of the 
these articulatory movements is required.
Data collection and analysis
Standardized procedures for administration and analysis of MPTs are crucial for 
obtaining reliable measures of performance. The speech signals were 
audiorecorded using a headset (Shure SM10A microphone). During the 
assessment of MPTs one experimenter instructed the child and one experimenter 
monitored the recording procedure. After standardized instructions (see 
Appendix A) intended to push each child to maximum levels of performance, the 
children were administered a minimum of three trials (Neiman & Edeson, 1981). 
As a preliminary analysis step the responses on the three trials were phonetically 
transcribed from audiocassette making judgements of correctness. Responses 
which contained sound class substitutions were excluded from further analysis. 
The performances on the variants of MSP and MRR that were judged as 
phonetically correct were selected for acoustic analysis.
For the acoustic analysis of maximum sound prolongation the durations of the 
three trials were measured directly from the audiocassette with a stopwatch to 
one-tenth of a second. This method of measurement has been used in previous 
studies (Fletcher, 1972; Larson et al., 1991; Tait et al., 1980) and has proven to 
yield reliable measures of sound durations (Harden & Looney, 1984). The 
duration of the best trial (i.e., the longest sustained duration) was timed twice 
more. The mean duration of these three measures was calculated per task (in 1/10 
second).
For maximum repetition rate the quickest and correctly produced monosyllabic 
sequences and trisyllabic sequence /p a tak a .../ were digitized into a personal 
computer (using a DASH 16 AD/DA converter). The digitized information was 
subsequently oscillographically displayed using a waveform editor (‘Speech 
Lab’, Reetz, 1989). With this editor, syllable boundaries were determined by 
visual inspection of the waveform and supporting auditory information. The 
onsets of syllables were localized at the burst of the voiceless plosives. The 
acoustic characteristics of a burst, namely high amplitude following a period of 
relative silence, are relatively easy to distinguish on an oscillographic display. 
The onset of the burst was therefore taken as the syllable onset. An illustration of 
the segmentation procedure is shown in Figure 1.
When plosive bursts could not be detected in the waveform, in case of 
extremely flat intensity contours, the syllable duration was assigned to be a 
missing value. Other syllables were excluded from the calculation of MRR for 
the following reasons. The first syllable of each sequence was not included in the 
calculation of the mean MRR in order to eliminate the effect of acceleration in 
initiating speech (Tiffany, 1980). Possible effects of pre-pausal lengthening 
(Klatt, 1976) were eliminated by excluding from the analysis the syllable 
produced immediately prior to an inhalation. A few children, in particular in the 
dysarthric group, could not produce sufficiently long sequences without 
inhalation. MRR were calculated for a total number of 10 syllables in the 
monosyllabic sequences and for 12 syllables in the trisyllabic sequence.
V m
Figure 1. Waveform of a monosyllabic sequence [papapa,,] produced by a normal-speaking 
child. The syllable boundaries of syllable beginning and ending are indicated by vertical lines in 
the second window (0.48 sec.) and operationalized as (1) onset of the burst, and (2) the end of the 
closure period. The first syllable from starting with the production is excluded from the measure­
ent.
Research parameters
A total of eight speech parameters was used to evaluate the performance of the 
children. Maximum sound prolongation (MSP) was defined as the longest 
duration for which phonation and articulation could be sustained. This task 
yielded two parameters: maximum phonation duration (MPD) and maximum 
fricative duration (MFD). MPD was defined as the grand mean of the durations
of the longest prolonged /a/ and the longest repeated sequence /m am a../. This 
parameter can be considered a clinically useful component of voice evaluation 
protocols (Hirano, 1989). MFD was the grand mean of the durations of /f/, /s/, 
and /z/. This parameter yields information about the control of air flow under 
different conditions of articulation or phonation.
Maximum repetition rate (MRR) was defined as the number of syllables 
repeated per second. Two parameters, most commonly derived from MRR, are 
the maximum repetition rate for monosyllabic sequences (MRRmono) and for 
trisyllabic sequence (MRRtri). MRRmono was defined as the repetition rate 
averaged for the three monosyllabic sequences /p a p ap a ../, /ta ta ta ../ , and 
/kakaka../. MRRtri was calculated for the fastest repeated sequence of 
/pa taka.../.
Four additional parameters were derived from the MRR-task. The first 
parameter, Repetition Ratio (RRatio), is represented by the repetition rate for the 
trisyllabic sequence (MRRtri) divided by the repetition rate of the monosyllabic 
sequences (MRRmono). Thus, a value of RRatio greater than 1.00 indicates that 
the trisyllabic repetition rate exceeds the monosyllabic repetition rate. The 
parameter RRatio is of particular interest because it has proven to be a good 
index of motoric programming problems in speech and thus useful in the 
diagnosis of DAS (Darley et al., 1975). The second parameter, variability of 
repetition rate (VRR), concerns the regularity of repetition within a monosyllabic 
sequence. VRR was defined as the coefficient of temporal variation11 within a 
sequence averaged across the three monosyllabic sequences. This parameter has 
shown to be a useful index for dysarthric involvement (Wit et al., 1993). The 
remaining two parameters were based on a description of the efforts needed to 
produce a sequence containing minimally four times [pataka]. The third 
parameter, Attempts, represents the number of attempts required to produce a 
correct trisyllabic sequence in addition to the standard test trials (see Appendix 
A). Logan, Yaruss and Conture (1994) reported that the production of unfamiliar 
(nonsense) targets can be problematic, even for young children with normal 
speech. The fourth parameter, Syllable Sequence, indicates whether the obtained 
sequence was correct or not. Deficiencies in syllable sequencing have been 
associated mostly with a speech-apraxic rather than a dysarthric disorder (Darley 
et a l, 1975).
The index for intra-utterance temporal variation (VRR) was the coefficient of variation 
(SD/Mean) and not the standard deviation (SD). By dividing SD/Mean, the parameter is 
made dimension free and can therefore be compared across utterances and tasks.
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Statistical analysis
In order to test whether the observed differences between subject groups were 
statistically significant, analyses of variance (SAS-procedure GLM, 1985) were 
conducted for each of the eight parameters under investigation. The main effects 
tested for significance were Subject Group (DAS, dysarthria, control), Variant 
(e.g., variant /f/, /s/ and /z/ of MFD) , Trial (e.g., trial no. 1, no. 2, and no. 3 for 
MFD), and Sequence (monosyllabic, trisyllabic). The repetition rates of 
MRRmono and MRRtri were logarithmically transformed in order to normalize 
the positively skewed MRR distributions; the observed measures of skewness 
were g  > 0.42. Pairwise comparisons were made using the Newman-Keuls 
procedure.
Based on the results of the analyses of variance, several composites of MPT 
parameters were constructed and tested for optimal group differentiation. The 
composites were based on the unweighted sum of the z-scores of separate 
parameters (composite z-scores). Composite z-scores are not affected by 
differences between units of measurement of separate parameters, provided that 
the parameter values change in the same direction. The group differences for the 
z-composites are tested for significance using a randomization procedure 
(Edgington, 1987). This nonparametric test procedure differs from a parametric t- 
test only with respect to the determination of level of significance. To obtain 
group differentiation based on MPT values, the MPTs of each subject are 
permuted randomly across the subject groups and subsequently t-values are 
recalculated for the new data arrangements. The proportion of t-values equal to 
or higher than the observed t-value is calculated for a large number of random 
data permutations (10000 times) which yield a level of significance for between- 
group differences (p -value). Randomization tests yield valid results even if 
violations against the test-specific assumptions needed for parametric statistics 
(e.g., normality of distribution) exist.
Reliability o f MPT measures
In order to assess the reliability of measures, product-moment correlations were 
calculated across subjects on the variants of MPD, MFD and MRR, that were 
considered to assess similar aspects of speech production. The correlations, 
presented in Table 2, between the two MPD variants /a/ and /m a/, the three MFD 
variants /f/, /s/, and /z/, and the three MRR variants /pa/, /ta /, and /ka/ proved to
be highly significant. These high intercorrelations suggest that the different 
variants of each task can be considered replications.
Results
Maximum Phonation Duration (MPD)
The mean MPD are presented in the upper part of Table 3. The DAS group 
produced shorter durations of /a/ and /m a / than the control group, whereas the 
dysarthric group produced the shortest MPD. A univariate analysis of variance on 
the means of MPD revealed highly significant differences between the subject 
groups [F(2,28) = 30.19; p  < 0.001]. A post-hoc test for group differences 
(Newman-Keuls) revealed that the MPD produced by the dysarthric group were 
significantly shorter than the MPD of the other two subject groups (p < 0.01), 
which did not differ. The distributions of MPD of the dysarthric and normal­
speaking subjects did not show overlap in the absolute sense.
^Table 2. Product-moment correlations oftask variants o f maximum phonation duration' 
(MPD), maximum fricative duration (MFD) and maximum repetition rate (MRRmono)
MPD MFD MRRmono
Variant /a/ /m a/ Variant /z/ Variant
/# $  /
/a/ ---- 0.796* HI —  0.943* 0.801* /pa/ —- 0.907* 0.788*
/m a/ ---- /s/ --- 0.811* ---  0.889*
/z/ --- ---
Note. Level of significance: * < 0.001, n.s.= 
Un=27), MRRmono (n=31).
nonsignificant; for MPD (n=29), MFD
Maximum Fricative Duration (MFD)
In the lower part of Table 3 the results are presented for the maximum duration 
of the /f/, /s/, and /z/. A two-way analysis of variance on the factors Subject 
Group and MFD Variant (/f/, /s/, /z/) revealed significant differences between the 
MFD items (p < .05), but no significant interactions between both factors 
[F(4,28) < 1.00]. In other words, the patterns of performance on the test items of 
MFD were similar for the three subject groups. That is, the MFD for the sound 
/s/ were longer than for /f/ or /z/ for all subject groups.
Table 3. Maximum phonation duration (MPD; in seconds) and maximum fricative 
duration (MFD; in seconds) for the control group (n=11), the group o f DAS (n=11), and 
the dysarthric group (n=9)
Control Group DAS group Dysarthric group
Parameter Mean SD Range Mean SD Range Mean SD Range
MPD
/a/ 13.70 4.67 9.4-25.5 10.49 2.87 7.0-15.9 3.64 1.61 1.0-6.2
/m a / 13.42 3.15 10.4-18.9 10.86 3.68 4.0-17.4 4.47 2.20 2.5-8.9
Mean 13.56 3.37 10.0-20.4 10.75 2.83 5.8-15.1 3.86 1.95 1.0-7.5
MFD
/f/ 14.31 5.62 6.2-22.0 8.19 3.01 4.6-13.3 2.42 0.99 1.2-4.1
/s/ 15.41 4.11 8.2-22.3 10.64 3.59 5.9-16.6 3.81 1.29 1.7-5.6
/z/ 13.37 2.87 7.6-18.5 9.37 3.52 4.7-17.3 3.22 1.88 0.9-7.1
Mean 14.37 4.30 7.3-20.2 9.36 3.42 6.2-14.0 3.18 1.47 0.9-5.1
As with the MPD, the mean MFD of the dysarthric group is shorter than that of 
the DAS group or the control group [F(2,28) = 38.28; p  < 0.001]. A Newman- 
Keuls test (p < 0.01) demonstrated a significant difference between the dysarthric 
group and DAS group, along with significant differences between the control 
group and each disordered group. The MFD of the dysarthric subjects were 
shorter than for any of the subjects with DAS or normal-speaking subjects.
Monosyllabic Repetition Rate (MRRmono)
The profiles of the monosyllabic repetition rates on the three task variants are 
shown in Figure 2 for the three subject groups. The results of a two-way analyses 
of variance for the factors Variant and Subject Group indicated that the patterns 
of MRRmonos were similar for the three subject groups. No significant 
interactions between Subject Group and Variant were observed [F(4,28) < 1.00]. 
More specifically, the MRR for the syllable /ka/ were lower than for the syllables 
/p a / or /ta/.
+1 Std.Dev.
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Figure 2. Maximum repetition rates (syllables per second) of monosyllabic sequences and the 
trisyllabic sequence for the control, DAS, and dysarthric groups.
Note. ■ = monosyllabic sequences /pa/, /ta / and /ka/;
O = trisyllabic sequence /p a tak a /
Group comparisons revealed that the nine dysarthric children produced slower 
monosyllabic sequences than the 11 children with DAS and 11 children with 
normal speech, as shown by the data in the first row of Table 4. In a one-way 
analysis of variance on the monosyllabic repetition rates the factor Subject Group 
(control, DAS, dysarthria) proved to be statistically highly significant [F(2,28) = 
33.09; MSe = 0.003; p  < 0.001]. A Newman-Keuls test for group differences 
revealed that the mean monosyllabic rate for the dysarthric group was 
significantly lower than for the DAS and control groups (p < 0.01). No 
significant rate differences were detected for the DAS and control groups.
Table 4. Maximum repetition rate (MRR; in syllables per second.), variability of repetition 
rate (VRR), and ratio of repetition rate (RRatio) calculated for the three monosyllabic 
sequences /pa../, /ta ../, and /ka../ along with the trisyllabic sequence /p a tak a .../ for the 
three subject groups
Parameters
Control Group DAS group Dysarthric group
Mean SD Range Mean SD Range Mean SD Range
MRRmono(a) 4.94 0.51 4.0-5.7 4.37 0.47 3.6-5.0 3.11 0.57 2.6-4.2
VRR(b) 0.11 0.03 0.01-0.15 0.11 0.04 0.07-0.19 0.18 0.09 0.08-0.31
oÖo 4.94 0.51 4.0-5.7 4.39 0.54 3.6-5.0 3.30 0.65 2.6-4.2
MRRtri(d) 4.95 0.72 4.1-6.4 3.69 0.76 2.8-4.7 2.82 0.55 1.9-3.3
RRatio(e) 1.01 0.12 0.82-1.17 0.84 0.16 0.65-1.10 0.85 0.08 0.75-0.96
Note. Parameters (a) and (b) are calculated using all participating cases (11 controls, 11 children 
with DAS and nine dysarthrics): (a) Monosyllabic repetition rates (MRRmono); (b) The variability 
of repetition rates (VRR) within monosyllabic sequences.
Parameters (c), (d) and (e) are calculated using those cases capable of producing a correct sequence 
of [pataka,,,] (11 controls, 7 DAS and five dysarthrics): (c) Monosyllabic repetition rates 
(MRRmono); (d) Trisyllabic repetition rates (MRRtri); (e) The repetition ratios (RRatio) of trisyllabic 
rates and monosyllabic rates (MRRtri/MRRmono).\ra
Variability in repetition rate (VRR)
A one-way analysis of variance on the mean coefficients of intra-utterance 
variability (see Table 4) for the monosyllabic sequences yielded a significant 
between-group difference [F(2,28) = 4.84; p  = 0.02]. The temporal irregularity in 
producing the monosyllabic sequences was significantly higher for the dysarthric 
group than for the DAS or control groups, which did not differ (Newman-Keuls, 
p  < 0.05). The higher variability of the repetition rates observed for the dysarthric 
group were mainly due to high VRR of three dysarthric subjects (i.e., SD1, SD3 
and SD4; see Appendix B).
Attempts and syllable sequence
Prior to a temporal analysis of the quickest repetitions of the sequence 
/p a ta k a .../  (MRRtri), the attempts a child needed were counted. In addition to 
this evaluation of effort, the performances were evaluated in terms of whether a 
child was able to produce a trisyllabic sequence as requested. Table 5 shows the
number of additional attempts administered to the children and the judgements of 
syllable sequencing capacities.
Table 5. Number o f additional attempts needed to produce a correct sequence 'oòf\ 
[pa taka ...] and the ratings ofthe ultimate performance for the three subject groups
Attempts Syllable Sequence
Subject Group Total Mean SD I II III
Control (n=l 1) 8 G.73 1.G1 6 S G
DAS (n= 11) 22 2.GG G.89 G 7 4
Dysarthria (n=9) S G.S6 l.l3 S + 2* G 2
Note. Categories of Syllable Sequence:
Category I (production of a correct sequence without additional attempts)
Category II (production of a correct sequence after one or more additional attempts)
Category III (no correct production of the /pataka/ sequence even after a maximum of three 
additional attempts)
{ Two dysarthric children produced a correct trisyllabic sequence that was excluded from data 
analysis. The syllable sequencing of these two children were frequently interrupted by inhalations 
(resulting in less than three successive forms of [pataka]) that made speech segmentation hardly 
ossible.p
A one-way analysis of variance on the mean number of additional attempts 
yielded significant differences between the subject groups [F(2,28) = 6.45; p  < 
0.01]. Newman-Keuls comparisons (p < 0.01) indicated that the group with DAS 
required significantly more attempts than the control or dysarthric groups; the 
latter groups did not differ.
Six of the 11 children with normal speech did not require additional attempts to 
produce a correct trisyllabic sequence. Five children were given additional 
attempts; three children were requested to produce a faster sequence and two 
children made sequencing errors in their initial production of /pataka/.
None of the 11 children with DAS were able to produce a correct sequence 
immediately after the instruction trials (Category I). Seven of the children with 
DAS required additional attempts because of sequencing problems, but were 
ultimately able to produce a correct sequence (Category II). Four children with 
DAS persisted in making sequencing errors such as [pakatapakata...] or 
[ ], despite a total of three additional attempts (Category III).
Seven out of the nine dysarthric children were capable of producing /p a tak a ../ 
immediately upon instruction. For two of the seven dysarthric children the 
sequences were deleted from the data-analysis because syllable repetitions were 
frequently interrupted by inhalation. Two dysarthric children were incapable of 
producing a correct trisyllabic sequence.
Syllable sequencing and MRRmono
A comparison of the mean monosyllabic repetition rates of all participating 
subjects (MRRmono(a) in Table 4) with the mean monosyllabic repetition rates of 
those subjects who were able to produce a correct trisyllabic sequence 
(MRRmono(c) in Table 4) showed that these were similar. The similarity of rate 
indicated that those children not capable of producing a trisyllabic sequence were 
nevertheless able to produce monosyllabic rates similar to those of children with 
no problems in producing a sequence of /pa taka.../.
Trisyllabic repetition rate (MRRtri)
No repetition rates were calculated for incorrectly produced or severely distorted 
trisyllabic sequences. Using these restrictions a comparison of mono- and 
trisyllabic MRR was only possible for 11 normal-speaking, seven DAS, and five 
dysarthric children. The repetition rates for the restricted subject groups are 
separately presented in Table 4 (MRRmono(c) and MRRtri(d)).
For the mean MRR of the trisyllabic sequence, a one-way analysis of variance 
yielded highly significant differences between the subject groups [F(2,20) = 
17.58; p  < 0.001]. Newman-Keuls comparisons indicated that the difference 
between the control group and speech pathological groups was significant (p < 
0.01), but the difference between the DAS and the dysarthric groups was not.
Repetition Ratio (RRatio)
As summarized in Figure 2, the control group produced the quickest repetitions 
of both mono- and trisyllabic sequences as compared to the DAS and dysarthric 
groups, while the dysarthric group produced the lowest rates. The mean 
repetition ratio (RRatio: MRRtri(d)/MRRmono(c), see Table 4) for the control 
group of 1.01 indicated that the mono- and trisyllabic repetition rates were rather 
similar [t = 0.05; df  = 20; p  = 0.962]. The repetition ratios below a value of 1.00 
for the DAS and dysarthric groups indicated that the trisyllabic sequence was 
generally repeated more slowly than the monosyllabic sequences. Only one of the
children with DAS produced higher trisyllabic than monosyllabic repetition 
rates12, which was not the case for the dysarthric children. As illustrated by the 
MRR data of the children with normal speech (see Appendix B), monosyllabic 
sequences can be produced quicker (six children) as well as slower (five 
children) than the trisyllabic sequence. A one-way analysis of variance revealed 
significant group differences for the factor Repetition Ratio [F(2,20) = 4.24; p  = 
0.03].
Composite z-scores for maximum performance tasks
Despite significant group differences on most of the seven MPT parameters, the 
distributions of the parameter values for the three subject groups showed 
considerable overlap. This implies that differentiation between groups cannot be 
based on overall maximum performance. Dysarthric children performed poorest 
on MPD, MFD, MRRmono and VRR, whereas children with DAS performed 
poorest on Attempts, and had little success with the production of correct 
trisyllabic sequences. On the remaining parameters, children with DAS obtained 
scores in between those of the dysarthric and normals. Therefore, it was decided 
to conduct a two step procedure for differential diagnosis. First, those parameters 
were identified that distinguished the dysarthric children from both the DAS and 
normals. By using a composite score, the problem of overlapping parameter 
distributions was taken care of. Second, after the scores of the dysarthric children 
were removed, children with DAS were distinguished from children with normal 
speech, by searching the best discriminative combination of parameters.
Step 1: Differentiation o f dysarthria from normal speech and DAS. For the 
differentiation of dysarthric cases from DAS and normal-speaking cases the 
following parameters were used: MPD, MFD, MRRmono, VRR and Attempts. 
For these parameters, scores were available from all subjects. For all possible 
combinations of these five parameters, z-composites were calculated along with 
the corresponding t-statistic. The z-composite with the highest absolute t-value, 
that is the most powerful discriminative composite, comprised of the parameters 
MRRmono, MPD, and MFD. The group difference on this composite was highly 
significant [randomization test: t = 163.85; p  = 0.0001].
A loss in discriminative power did not occur when the set of parameters was 
restricted to the parameters MRRmono and MPD. Randomization testing verified
This child with DAS produced lowest monosyllabic repetition rates in comparison to the 
other DAS children (more than 1 SD below the group's mean repetition rate), whereas 
the child's trisyllabic repetition rate corresponded with the group performances.
12
that the z-composite of these two parameters is also a highly discriminative 
combination; the group difference for this composite score was highly 
significant [t = 92.34; p  < 0.0001].
Figure 3 illustrates that the distributions of the composite z-scores for the 
dysarthric group and the other two subject groups did not overlap.
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Figure 3. Combined z-scores for 11 control children (striped bars), 11 children with DAS (black 
bars) and nine dysarthric children (patterned bars). The composite score is the sum of the 
unweighted z-scores of the two parameters MRRmono and MPD.
Step 2: Differentiation of DAS from normal speech. For the differentiation of 
the DAS cases from the normal-speaking cases the decision model entailed two 
steps. In the first step, four children with DAS were singled out on the basis of 
their inability to repeat the syllabic sequence /p a ta k a / several times in 
succession. In the second step, composites of parameters were formed to 
distinguish the remaining seven DAS cases from the normal-speaking cases. The 
composites of MRRmono, MPD, and MFD, used for the diagnosis of dysarthric 
cases, were not effective for the discrimination of DAS cases. The parameter 
MRRtri proved a strong variable in building a discriminative composite of MPT 
variables. However, even the full set of the seven remaining parameters did not 
prevent some false-negative classifications (DAS as normals). A composite of 
six parameters (MRRmono, MRRtri, RRatio, Attempts, MPD, and MFD) yielded
the best combination [randomization test: t = 79.29; p  = 0.0003]. That is, all 
normal-speaking cases could be classified as belonging to the control group, but 
only six of the seven DAS cases could be classified as belonging to the DAS 
group. One case, diagnosed as mildly-moderately DAS, could not be 
differentiated from all the 11 normal-speaking cases using MPT parameters. 
Similar results (85.7% correct classifications) could be obtained by using only 
three parameters forming a z-composite, namely MRRtri, Attempts, and MFD 
[randomization test: t = 45.86; p  = 0.0002]. The combined z-scores for these 
three parameters are plotted in Figure 4, which illustrates that the composite z- 
score for one case of DAS (i.e., DP9; see Appendix B) is higher than the z-score 
of two normal-speaking cases (C5 and C7).
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Figure 4. Combined z-scores for 11 control children (striped bars) and seven children with DAS 
(black bars). The composite score is the sum of the unweighted z-scores of the three parameters 
MRRtri, Attempts and MFD. The z-scores of Attempts were reversed before adding them to the 
combined z-score.
To summarize, the dysarthric group performed poorest on the maximum 
prolongation of vowels and fricatives (MPD and MFD), and the maximum 
repetition rate of monosyllabic and trisyllabic sequences (MRRmono and 
MRRtri). Poorest performances were obtained by the dysarthric group on inter- 
syllabic variability of the repetition rates (VRR). The group of children with 
DAS performed poorest on the parameters Syllable Sequencing and Attempts. 
That is, the DAS group produced, in comparison with the other two subject
groups, more sequencing failures on /p a tak a .../ and utilized more efforts to 
produce a correct trisyllabic sequence. These findings are in correspondence with 
the majority of previous findings (Crary et a l, 1984; Hall et a l, 1993; Skenes, 
1987). For the remaining six parameters, the DAS group obtained MPT scores in 
between those of the dysarthric and control groups. In comparison to the control 
group the performances of the DAS group on maximum fricative duration 
(MFD) and trisyllabic maximum repetition rate (MRRtri) were significantly 
poorer.
Discussion
In this study two maximum performance tasks (MPTs) were administered to 11 
children with developmental apraxia of speech, nine children diagnosed as 
spastic dysarthric due to infantile encephalopathy, and 11 children with normal 
speech. A total of eight parameters were derived from the MPTs. Each parameter 
and combination of parameters was assessed with regard to its power to 
differentiate these clear cases of developmental apraxia of speech, spastic 
dysarthria and normal speech.
The performances of the children with normal speech on MSP and MRR were 
generally in accordance with experimental data from other studies (Finnegan, 
1985; Harden & Looney, 1984; Haselager et al., 1991; Kent, 1994; Trullinger & 
Emanuel, 1989; Williams et al., 1981; Yoss & Darley, 1974). However, some 
dissimilarities in MSP and MRR between other studies and this study for 
normals emerged. First, the study of Trullinger and Emanuel (1989) reported 
shorter phonation durations (MPD) and smaller duration ranges for children with 
normal speech in comparison to the results of this study. Second, the MRR 
reported in the study of Williams et al. (1981) were overall approximately 0.5­
1.0 syllable/second slower than the MRR reported in this study. Third, several 
controls experienced serious trouble with the production of four times /p a ta k a / 
in the studies of Yoss and Darley (1974) and Williams et al. (1981). None of the 
children with normal speech in this study experienced serious trouble with this 
task. Fourth, several studies on syllable repetition rates for normals report higher 
monosyllabic than trisyllabic repetition rates (Fletcher, 1972; Williams et a l, 
1981; Yoss & Darley, 1974). In the present study, however, the control group 
produced a slightly faster trisyllabic sequence (/pataka../) than the slowest 
monosyllabic sequence (/kakaka../) (see Figure 2). This finding corresponds
with the statement of Heffner (1952) that a series of movements can be produced 
more rapidly than the repetition of the same movement (p. 208). However, this 
rule did not apply for the speech disordered groups, because almost every child 
with DAS and spastic dysarthria produced faster mnosyllabic sequences than a 
trisyllabic sequence (see Appendix B).
For the DAS group the problems these children experienced in producing rapid 
alternating speech movements, required for the repetition of the trisyllabic 
sequence (MRRtri), correspond to the results of other studies (Williams et al., 
1981; Yoss & Darley, 1974). However, some dissimilarities in findings on MRR 
can be noted. First, not all children with DAS in this study failed to produce a 
correct trisyllabic sequence, which is in contrast to the findings of Aram and 
Glasson (1979). Second, the monosyllabic repetition rates of the DAS group 
were not significantly lower than those of the normal-speaking group, which is 
quite the contrary to the findings of other studies (Fletcher, 1972; Williams et a l, 
1981; Yoss & Darley, 1974).
For the dysarthric group, the scores on the maximum performance tasks were 
found to correspond to previously reported MPT data (McNeil & Kennedy, 1984; 
Portnoy & Aronson, 1982). That is, spastic dysarthric children produce short 
MFD and generally slow MRR as compared to the children with normal speech.
The major discrepancies between the results of this study and other studies on 
MSP and MRR most likely stem from differences in procedures of 
administration and measurement. One aspect of administration that clearly 
influences the MRR obtained is the admittance of rhythm or less accurate 
performances into the analysis. Examples of repetitions with a syllabic break or 
with less articulatory precision are [p a p a .p ap a .] , [pha p ha p ha p ha] or 
[pna p na p na p na] for the target sequence /p a p a p a p a /. In particular, analyses of 
syllable and sound durations should be restricted to performances free of 
phonemic errors, because comparison of these acoustic measures makes sense 
only for on-target performances. Another aspect of administration is the number 
of trials and additional attempts granted to the child to achieve maximum 
performances. Inspection of the performances on consecutive trials indicated that 
the first trial yielded no optimal measure of maximum performance for either 
subject group. For the parameters MPD and MFD the second trial proved a more 
clinically useful measure. For MRR, however, three trials should be considered 
as the minimum number for the assessment of maximum repetition rates. Not
only the number of trials, but also the number of repetitions used for analysis, 
proved an important aspect of administration. The MRR measures presented by 
Fletcher (1972) and Williams et al. (1981) were calculated for longer 
monosyllabic and trisyllabic sequences than in this study, which can explain the 
lower repetition rates observed in previous studies on MRR. Aspects of 
measurement that may also affect the MRR are the criteria used for response 
selection (Neiman & Edeson, 1981) and the application of manual or computer- 
based systems for measuring MRR (Bakker, Arkebauer, & Boutsen, 1993; Gass, 
1993).
An estimate of the reliability of MPT measures was made by analyzing the MFD 
and MRR for the different task variants considered to be replications. Although 
MRR were not equal for each of the three variants /pa/, /ta /, and /ka/, the 
pattern of performance was similar across subject groups (see Figure 2 for 
MRR). Similar patterns of repetition rates emerged from several other studies on 
MRR for children and for adults (e.g., Fletcher, 1972; Lass & Sandusky, 1971; 
Robb et al., 1985; Tiffany, 1980). In correspondence with MRR, similar patterns 
were observed for the variants of MFD (sustained duration of /f/ shorter than /s/ 
or /z/) across subject groups. No normative studies on MFD of /f/, /s/ and /z/ 
were available. Studies using only /s/ and /z/ (Larson et al., 1991; Tait et al., 
1980) indicated that the maximum durations of /s/ and /z/ are approximately 
equal. This finding corresponds to the present observations for each subject 
group. The similarities in patterns of task variants of MRR and MFD across 
different subject groups, as reported in this study, suggest that these variants of 
MRR and MFD are stable indices of speech motor behavior .
Based on the group differences observed in this study, most of the parameters 
investigated appeared to be useful for purposes of differential diagnosis. After 
all, a perfect differentiation of dysarthric cases from normal-speaking and DAS 
cases was obtained when composite scores were computed out of the parameters 
outlined in the upper part of the flowchart in Figure 5.
In order to achieve maximum separation of the distributions of performance for 
the dysarthric and the other cases, a combined z-score of the parameters 
MRRmono and MPD proved to be sufficient (see Figure 3). Several studies 
reported positive signs for the differentiation of dysarthria from speech apraxia 
based on acoustic measures of MSP (Eckel & Boone, 1981; Ziegler & von 
Cramon, 1986). This study confirms that measures of MSP (i.e., MPD) 
contribute to the differential diagnosis along with other measures of MPT.
Temporal variability in syllable production has also been shown a useful index of 
speech motor pathology (Darley et a l, 1975; Portnoy & Aronson, 1982). In the 
present study, however, the parameter of rate variability (i.e., VRR) proved to be 
of only minor importance for differentiating between dysarthria and DAS, due to 
the high between-subject variability in VRR. This finding suggests that, although 
temporal variability is a common feature of dysarthric speech, it is a rather 
unspecific sign of an impaired speech motor system.
A different set of MPT parameters was needed to differentiate cases of DAS 
from normal-speaking cases. The observation that each normal-speaking child 
was able to produce a trisyllabic sequence while four of the 11 children with 
DAS could not, was taken as the first criterion for differentiating DAS from 
normal speech. Difficulties in sequencing on tasks of oral diadochokinetic rates 
is often mentioned as a core characteristic of DAS (Hall et a l, 1993), and used as 
a selection criterion in several other studies of DAS (Aram & Horwitz, 1983; 
Crary, 1984; Ekelman & Aram, 1984). In order to complete the diagnostic 
differentiation for the remaining seven children with DAS, all possible 
combinations of parameters were inspected, but a perfect differentiation was not 
achieved. A composite z-score for the parameters MRRtri, Attempts, and MFD 
yielded the highest attainable differentiation (see Figure 4). All except one child 
with DAS could be correctly classified. It turned out that this child was rated as 
mildly DAS by one of the speech pathologists (see note to Table 1) and made 
good progress in speech remediation. When this child was excluded from the 
DAS group, randomization testing revealed that a differential diagnosis of DAS 
cases was possible using even a smaller set of parameters (i.e., MRRtri and 
Attempts).
As suggested earlier, methodological differences may account for the observed 
differences in MPTs. Apart from procedures of assessment, the MPT measures 
obtained partly depend on the subjects selected for the study. This study utilized 
well-defined groups of children that guaranteed each child to be representative 
for a particular pathological group or normal-speaking group. To collect norm 
scores and improve the validity of differential diagnostic decisions in childhood 
motor speech disorders it is crucial to start with clearly diagnosed subject groups. 
However, this is only the first step. For a subsequent stage, the MPT-measures 
are in the need of cross-validation in order to further establish the differential 
diagnostic power of MPTs for clinical practice. This requires the assessment of 
MPTs using cases with known disorders of less severity, cases with mixed 
disorders --for mixed disorders objective assessment of degree of involvement is
of particular relevance-- and cases with unknown disorders [see Chapter 6 of this 
thesis] .
The results of this study revealed that distributions of performances on single 
measures of MPT showed considerable overlap. Some dysarthric children even 
outscored some children with normal speech on measures of maximum repetition 
rate (i.e., MRRmono and VRR). The combination of MPT measures, however, 
formed an important contribution to the diagnosis of disordered speech from 
normal speech, as well as to the differentiation of dysarthria and DAS. First, 
spastic dysarthria could be diagnosed based on a composite score of MPD 
(sustained phonation) and MRRmono (repetitive articulation). Thus, short 
periods of voice prolongation in combination with slow maximum repetition rate 
can be considered a sign of dysarthric involvement. Second, although no 
composite score could be calculated that distinguished all dyspraxic children 
from all normals, due to one child with mild dyspraxic involvement, this study 
revealed that difficulties in sequencing speech movements is an important 
diagnostic sign of DAS. Thus, the main contribution of the present study is that 
the diagnostic differentiation of subject groups, initially based on perceptual 
evaluation of speech characteristics, can be objectified and quantified by means 
of a relatively small set of MPTs.
f ~ > Appendix A-1. Instructions for the administration of maximum performance tasks
(MPTs)____________________________________________________________________
The performances on MPTs should be 
produced on one breath exhalation. Thus, for 
every task, the experimenter makes sure that 
the child (1) takes a good breath and (2) starts 
immediately with the task performance to 
ensure that the respiratory capacity is at 
maximum. The repetition of syllables should 
be produced in a fluent sequence with no 
breaks, no stress on particular syllables and no 
rhythmic patterns (grouping of syllables).
1. Instructions for sustained vowel /a/ and 
sequence /mam a../
Parameter maximum phonation duration 
(MPD); test items: /a/ and /ma/
1. The experimenter produces a prolonged /a/ 
or repeats the syllable / / for 
approximately 2 seconds on one breath, in 
a monotonic manner and with a normal 
pitch and then asks the child to repeat this 
model.
2. If the requested sound or syllable is 
produced by the child, the experimenter 
produces an utterance of approximately 4­
5 seconds on one breath and asks the child 
to repeat this model;
3. The child is instructed to produce a 
sustained /a/ or prolonged repetition of the 
sequence / / as long as possible on 
one breath (without the model). The child 
receives a total of three opportunities 
(trials) to show the very best performance.
2. Instructions for sustained fricatives
Parameter maximum fricative duration 
(MFD); test items: /f/, /s/ and /z/
child repeats.
3. The child is instructed to produce a 
fricative sound as long as possible on one 
breath (without the model). The child 
receives a maximum of three trials in 
order to show the very best performance.
3. Instructions for monosyllabic sequences
Parameter maximum repetition rates
(MRRmono); items: /p a /, /ta / and /ka/. The
instructions for the monosyllabic tasks, /pa,,/, 
/, were essentially as
follows:
1. The experimenter produces a single 
syllable, and the child repeats this 
syllable.
2. The experimenter produces a sequence of 
three syllables (e.g., [papapa]), the child 
repeats.
3. The experimenter produces a sequence of 
five syllables on one breath, and the child 
repeats.
4. The child is asked to produce more 
syllables in a faster repetition rate than in 
stage 1, 2, and 3. The experimenter 
presents a model with a repetition rate of 
approximately four syllables per second 
up to a sequence of 12 syllables or more 
without a disruption for inspiration.
5. The child is instructed to repeat the 
sequence of stage 4, but now as fast as 
possible. The experimenter presents no 
model but checks upon the number of 
syllables produced ( 12);
6. The child receives two additional trials (a 
total of three opportunities) to enhance the 
repetition rate.
1. The child is asked to repeat a prolonged 
fricative for approximately 2 seconds on 
one breath.
2. If the requested sound is produced by the 
child, the experimenter presents a model 
for approximately 4 to 5 seconds, and the
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Appendix A-2. Instructions for the administration of maximum performance tasks 
(MPTs)
4. Instructions for trisyllabic sequences
Parameter maximum repetition rates 
(MRRtri); item: /pataka/. For the assessment 
of the tri-syllabic sequence /pataka.../, the 
following standard procedure was used:
1. The experimenter produces /pataka/ in a 
slow rate and asks the child to repeat this 
train of syllables without omissions or 
substitutions. Practice on this single 
sequence will continue until the child 
manages to produce a correct sequence.
2. Two times the sequence /pataka/ (fluent 
production at slow repetition rate).
3. Three times the sequence /pataka/ (fluent 
production at a normal speech rate).
4. Four times the sequence / / (faster 
repetition rate of approximately four 
syllables per second).
5. At least five times the sequence /pataka/ 
(on one breath; as fast as possible). The 
experimenter presents no model and 
encourages the child to continue 
production for more than five sequences of 
/ /.
6. The child receives two additional 
opportunities to enhance the repetition 
rates.
Whenever a child failed to produce a single 
/ / or a multiple sequence:
produce a correct single sequence, even after 
a total number of three attempts, the experi­
menter will terminate this task.
ad 2.
Children who have difficulties in producing a 
longer sequence of / /-forms are 
informed to do it very slowly and focus their 
attention to a correct realization of the 
consonants /p/, /t/, and /k/. After a maximum 
number of three attempts, without noting any 
improvements, the experimenter will stop this 
task. Each child can receive a maximum 
number of three additional attempts in 
addition to the three opportunities included in 
the standard procedure (see step 5 and 6).
ad 1.
If a child fails to produce a single sequence of 
/pataka/ (e.g., [patata] or [paksts]) the child 
is asked to produce the separate syllables / /, 
/ /, and / / correctly. Subsequently, the 
child is given several trials for producing 
/ /, / / until the child succeeds. The 
next step is to imitate one complete trisyllabic 
sequence. Whenever a child is unable to
/ - ---------------------------------------------------------------------------------------------------------------------
Appendix B. Individual subject data o f eight parameters o f maximum performance tasks
Research Parameters
Subject Case Age MPD MFD MRRmono VRR MRRtri RRatio No. of Syll.Sequence
group (no.) (years) (s) (s) (syll./sec.) (syll./sec.) Tri/Mono attempts (outcome)
Control Cl 6;00 10.9 20.2 5.18 0.14 5.63 1.09 3 correct
C2 6;00 10.0 12.7 5.22 0.08 4.26 0.82 0 correct
C3 6;05 14.8 11.4 4.79 0.14 4.67 0.97 0 correct
C4 6; 11 10.5 7.3 3.98 0.15 4.10 1.03 0 correct
C5 7;00 17.9 13.4 4.12 0.11 4.81 1.17 1 correct
C6 7;03 14.7 19.0 5.06 0.08 4.51 0.89 0 correct
C7 7;05 20.4 16.9 4.83 0.09 4.21 0.87 1 correct
C8 6;07 11.7 13.8 4.81 0.09 5.56 1.16 1 correct
C9 7;01 11.0 10.2 5.32 0.15 4.95 0.93 2 correct
CIO 7; 11 15.4 17.2 5.37 0.13 5.37 1.00 0 correct
C ll 8;03 12.0 16.0 5.66 0.09 6.41 1.13 0 correct
DAS DPI 6;03 9.2 14.0 4.51 0.11 2.95 0.65 2 correct
DP2 6;05 9.4 6.5 4.05 0.09 3 incorrect
DP3 6;06 15.1 10.8 3.64 0.07 3.99 1.10 3 correct
DP4 6;07 12.6 9.11 4.19 0.15 3.82 0.91 1 correct
DP5 6;09 10.0 7.9 4.07 0.19 2 incorrect
DP6 6;10 5.8 7.5 4.38 0.09 3 incorrect
DP7 7;00 7.7 11.7 4.69 0.08 3.14 0.67 1 correct
DP8 7;01 13.8 11.6 3.77 0.13 2.77 0.73 1 correct
DP9 7;05 13.2 11.2 5.03 0.09 4.74 0.94 1 correct
DP 10 7;08 9.4 6.2 4.92 0.11 4.42 0.90 3 correct
DP11 7;09 12.2 6.3 4.86 0.13 2 incorrect
Dysarthria SD1 6;04 3.3 3.2 3.44 0.31 0 correct
SD2 6;09 5.7 2.3 2.64 0.13 3 incorrect
SD3 6;09 3.3 3.2 4.16 0.24 3.31 0.80 0 correct
SD4 7;08 1.0 0.9 2.56 0.30 1.93 0.75 0 correct
SD5 7;09 7.5 5.1 3.46 0.08 3.14 0.91 0 correct
SD6 7;10 3.7 3.0 3.58 0.12 3.06 0.85 0 correct
SD7 9;10 2.6 3.7 2.76 0.20 2.64 0.96 0 correct
SD8 10.01 5.0 3.9 2.69 0.16 2 incorrect
SD9 10;03 2.6 1.9 2.66 0.08 0 correct
Note. a Production of an incorrect syllable pattern /□ $ ▼ # # # /;  no acoustic analyses were performed for the parameters MRRtri and RRatio.
b Production was too poor for reliable acoustic measurement because less than three times /□ $ ▼ # # # /  was uttered on one exhalation. No additional 
attempts were given because significant improvement of performance could be ruled out.
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Abstract
In a previous study, a diagnostic procedure was developed to assess motoric 
involvement in clear cases o f developmental apraxia of speech (DAS) and spastic 
dysarthria, as well as the motoric capacities o f children with normal speech 
(Thoonen, Maassen, Wit, Gabreels & Schreuder, 1996 [Chapter 5 o f this 
thesis]). The aim of the present study was to cross-validate this diagnostic 
procedure. For this, the maximum performance tasks o f the protocol, consisting 
of maximum vowel and fricative prolongation and maximum syllable repetition, 
were administered to several less clear cases o f DAS and spastic dysarthria, 
children with a speech disorder o f unknown origin and newly selected normal 
children (total number o f children in the study: 72; age predominantly between 4 
and 12 years). The results showed that spastic dysarthria can be diagnosed on 
the basis o f the maximum rate o f repetitive sequences ("papa.. ", "tata.. ", 
"kaka..") in combination with maximum vowel prolongation. DAS can be 
diagnosed on the basis o f the maximum rate o f alternating sequences 
("pataka...") in combination with maximum fricative prolongation. Using the 
diagnosis o f speech-language pathologists as criterion, sensitivity and specificity 
values were obtained ranging from 89% to 100%. Among the children with a 
speech disorder o f unknown origin significant dysarthric or apraxic involvement 
was observed. Thus, it can be concluded that the diagnostic procedure yields 
quantitative measures o f the degree to which dysarthria or dyspraxia plays a 
role in the development and maintenance of speech disorders in children.
Introduction
Estimates of the prevalence of speech disorders in children range between 2.5% 
and 10% of the normal school population, i.e., the population of children who do 
not require medical or special educational treatment because of cognitive 
deficits, hearing impairment, craniofacial dysmorphology or neuro-motor 
dysfunction (Dodd, 1995; Enderby & Philipp, 1986; Shriberg, et al., 1986; 
Shriberg, 1994; ). Even after exclusion of the latter impairments, a heterogeneous 
group of children remains, which encompasses (functional) articulation 
disorders, phonological delay, (mild) developmental dysarthria, and 
developmental apraxia of speech. To date, there exists no generally accepted 
classification system, although several systems have been proposed (Dodd, 1995; 
Shriberg and Kwiatkowski, 1982). In a recent review of the literature on the 
problems of differential diagnosis in a clinical setting, Morgan Barry (1995) 
showed that at the level of speech symptoms there is much overlap between the 
different conditions. Moreover, in many cases etiologic data are not available or 
not specific enough to serve as a basis for diagnostic differentiation.
For clinicians to facilitate appropriate treatment, the speech diagnosis needs to 
contain a theoretically based judgement on the deficits underlying the speech 
impairment (Bradford & Dodd, 1996; Schwartz, 1992). This clinical perspective 
calls for a more eclectic system of classifying speech disorders, making use of 
whatever information is available with respect to symptomatology and possibly 
available information with respect to etiology, treatment history and educational 
and psychological variables (Bradford & Dodd, 1996; Dodd, 1995). Therefore, as 
an alternative for the above mentioned typological classification systems, a 
diagnostic system that is based on the recognition of the underlying deficit, or 
level of breakdown (Dodd, 1995), would be most useful for therapeutic purposes. 
Instead of determining to which diagnostic category a particular child belongs, a 
more individualistic approach is advocated, in which for each particular speech 
disordered child all relevant underlying factors are assessed.
The aim of the present study is to evaluate and cross-validate the diagnostic 
procedure (Thoonen, Maassen, Wit, Gabreels & Schreuder, 1996), developed to 
asses motoric involvement in childhood speech disorders. In that study maximum 
performance tasks (Kent, Kent & Rosenbek, 1987) were employed to quantify 
the speech motor capacities of children with dysarthria and developmental 
apraxia of speech (DAS). The results indicated that children with spastic 
dysarthria can be differentiated from both DAS and normal-speaking subjects on 
two MPT-measures. Children with DAS, furthermore, could be differentiated
from children with normal speech mainly on the basis of their performance on 
trisyllabic repetition rate ("patakapataka...").
A considerable problem in the differentiation of underlying deficits is the 
variability of performances (Kent et al., 1987) and the overlap in 
symptomatology between developmental conditions in general (Morgan Barry, 
1995). For these reasons, in previous studies we used composite scores of 
comparable tasks, a procedure that greatly enhances the power of diagnostic 
differentiation (Thoonen et al., 1996; Wit, Maassen, Gabreels & Thoonen, 1993). 
Moreover, in these studies it is argued that for each of the speech mechanisms 
composite scores yield indices for degree of involvement. In the present study 
maximum performance tasks (MPTs), as used in Thoonen et al. (1996), are 
cross-validated against newly selected groups of children who can be considered 
less clear cases of dysarthria and DAS, due to milder involvement or more 
accompanying speech problems than in the previous study. This offers the 
opportunity to study the generalizability of the obtained results. Moreover, in the 
present study a group of children with non-specific speech disorders was added. 
For the latter group it remains to be determined to what extent MPTs contribute 
to the assessment of underlying deficits.
Method
Subjects
Selection procedure
The selection procedure comprised three stages: referral, assessment/evaluation, 
group assignment, and two trajectories: an experimental protocol and a clinical 
protocol. The stages and trajectories are schematically displayed in Figure 1. The 
following groups of subjects were selected. The reference groups consisted of 
the most clear cases of DAS and dysarthria. They were referred and recruited not 
primarily for a clinical diagnosis, but to serve as subjects in this and a previous 
study (Thoonen et al., 1996). Children classified as cases with mixed disorders or 
milder involvement, based on the outcomes of experimental assessment, were 
assigned to the validation groups. Moreover, a group of children with non­
specific articulation problems according to clinical assessment was added to the 
validation groups to study motoric involvement in this more heterogeneous group 
of children. These children were referred to a multi disciplinary diagnostic team 
at the University Hospital Nijmegen for diverse reasons. The validation groups 
were used to cross-validate the diagnostic procedure and criteria developed in a 
previous study (Thoonen et al., 1996). For all children participating in this study, 
MPTs were excluded as criteria for diagnostic classification in experimental as 
well as clinical assessment.
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Figure 1. Protocolized experimental and clinical trajectories for group assignment.
Reference groups
The reference groups were used in a previous study that addressed the clinical 
importance of Maximum Performance Tasks (MPTs) in differential diagnostic 
decision making in childhood motor speech disorders (Thoonen et al., 1996). In 
the referral stage, children were selected on our request by the speech-language 
pathologists in schools. The most important inclusion criteria for DAS were high
rates of speech sound errors, inconsistent error patterns, difficulties to produce 
articulatory complex sound sequences, and groping behavior. For dysarthria the 
most important criteria were slow speech rate, imprecise consonants, and 
consistent error patterns. (For further details the reader is referred to Thoonen et 
al., 1996). The children with normal-speech were selected from regular primary 
schools by their classroom-teacher based on the following criteria: (a) no history 
of language or speech problems and (b) achieving average school performances. 
During experimental assessment (left hand panel of Figure 1), all children were 
observed and tested to ascertain that each child complied with the following 
criteria: (a) normal range of intelligence; (b) adequate hearing capacities; (c) 
adequate receptive language abilities; (d) no organic abnormalities or 
otorhinolaryngologic problems and (e) a sufficient attention span. For speech 
assessment the following tasks were administered: imitation of words and 
nonsense words, imitation of sentences, imitation of pitch and temporal changes 
on phonation and spontaneous speech. These speech samples were analyzed and 
results related to the diagnostic classification.
Experimental speech evaluation was performed by certified speech-language 
pathologists (SLPs) at the University Hospital Nijmegen, based on audio-taped 
recordings of spontaneous speech and sentence imitations. The speech criteria 
used for the classification were identical to those used in the referral stage. The 
consensus between judgements of the SLPs in diagnosis of the children was high 
(Thoonen et al., 1996). In addition to the diagnostic classifications, also severity 
ratings were obtained, depicted on a four-point scale: normal speech (0), and 
mild (1), moderate (2), severe (3) involvement.
After experimental assessment and evaluation, a total number of 11 children 
with normal speech, 11 children with a clear diagnosis of DAS and 9 children 
with a clear diagnosis of spastic dysarthria were selected for the reference groups.
Validation groups
The validation groups consisted, firstly, of children who had gone through the 
selection procedure of the reference group (left hand panel of Figure 1), but who 
turned out to have a mixed disorder or mild involvement according to speech 
evaluation of the experimental protocol. Six children entered the validation 
groups with primarily DAS and eight children with primarily dysarthria.
Added to the validation groups were children who were referred to the 
University Hospital Nijmegen for a differential diagnosis of their speech- 
language problems. During clinical assessment (right hand panel of Figure 1), 
several observations and tests were performed including neurological and 
neuropsychological investigation (e.g., language and speech tasks). Besides 
clinical assessment, the speech-language problems of the subjects were evaluated
by the speech-language pathologist involved. Classification and severity ratings 
were based on the same criteria that were applied for the selection of the 
reference groups. Only clinical cases with a clear diagnosis were admitted to the 
validation groups. The procedure of clinical assessment and evaluation resulted 
in a group of four children with DAS and one child with dysarthria
After experimental and clinical assessment and evaluation, a total number of 10 
children with DAS and 9 children with spastic dysarthria were selected for the 
validation groups. A control group of 11 children was added in the same age- 
range as the DAS and dysarthric group.
In comparison to the reference groups the validation groups are more 
heterogeneous with respect to (a) clarity in diagnosis, (b) severity and (c) age 
range. That is, also children with mixed disorders or milder involvement as well 
as adolescents (13-16 yrs.) were accepted for the validation groups. The older 
children in the validation groups were all treated for their motoric (dysarthric) 
handicaps in revalidation centers.
Speech disordered group
A group of eleven children with non-specific speech disorder was selected on the 
basis of the clinical assessment procedure. The term ‘non-specific speech 
disorder’ is used here to encompass children with articulation disorder, delayed 
phonological acquisition, consistent deviant disorder and inconsistent disorders 
(Dodd, 1995). It is a heterogeneous group with a speech disorder severe enough 
to serve as the primary indication for special education and/or referral to a 
university diagnostic setting.
An overview of selected demographic characteristics for the reference groups, 
validation groups and the non-specific speech disordered group is shown in 
Table 1.
Table 1. Subject characteristics o f reference and validation groups: group size, age (in 
months) and gender
Reference Group Validation Group
Age Gender Age Gender
Group N Mean Range M F N Mean Range M F
Control 11 83.8 72- 98 8 3 11 107.6 62-138 7 4
DysA 9 97.7 76-123 8 1 9 137.7 64-197 6 3
DAS 11 83.2 75- 93 9 2 10 67.1 53- 90 5 5
nSD 11 93.1 52-131 10 1
Note. Control = normal speech; DysA = dysarthria; DAS = developmental dyspraxia of speech; 
\nSD = nonspecificspeechdi^order
Procedure
Maximum Performance Tasks. Maximum Performance Tasks were used to 
determine the upper limits of the speech-motor capacities of respiration, 
phonation, and articulation. A detailed description of the tasks and associated 
parameters is given in Thoonen et al. (1996). In short, one set of tasks (maximum 
sound prolongation) was enlisted to the protocols to evaluate the respiratory and 
phonatory capacities. Parameters derived from these tasks were: maximum 
phonation duration (MPD) and maximum fricative duration (MFD). Another set 
of tasks (maximum repetition rate) was conducted to assess the coordinative and 
planning abilities to execute repetitive movements of the lips and tongue under 
stressed conditions of speech rate. The associated parameters were: maximum 
repetition rate of monosyllabic sequences (MRRmono) and trisyllabic sequences 
(MRRtri), sequencing skills (Sequence) and additional attempts required to 
produce a correct syllabic sequence (Attempts).
For the children going through the experimental assessment (i.e., reference 
groups and the majority of the children of the validation groups), MPTs formed 
part of a larger, highly standardized assessment protocol, in which also phonetic 
and phonological abilities were tested. This experimental assessment took two or 
three sessions of 30 minutes. Children selected acording the the clinical 
assessment (part of population of the validation groups) were presented MPTs as 
part of a neuropsychological and speech assessment.
On MPTs, the children were stimulated to perform to the best of their 
capacities. For this, each child received a standardized instruction and a 
maximum of six trials to improve the performance. The audio-recorded
responses to the MPTs were phonetically transcribed, qualified in terms of 
correctness (sound class, sequence) and subsequently selected for acoustic 
analysis. The maximum durations of sound prolongation (MSP) were measured 
directly from audio-tape with a digital stop-watch. The maximum repetition rates 
(MRR) were interactively measured from the digitized signal with help of the 
Kay-Computerized Speech Lab model 4300B (see for a detailed description of 
the procedure of measurement Thoonen etal., 1996).
Diagnostic flowchart and research parameters
In Figure 2, a slightly adapted version of the flowchart that was the result of the 
previous study based on the reference groups (Thoonen et al., 1996), is 
presented. In Appendix A the scores of all children are listed.
In the current adapted flowchart, instead of combining parameters into composite 
scores, parameters are used separately. The main reason for this adaptation is, 
that criteria based on single parameters are easier to apply in a clinical setting 
than the mathematically more complex, combined scores derived from z-scores. 
Below we will show that the two flowcharts are functionally equivalent.
One of the parameters in Figure 2 is repetition rate of monosyllabic sequences 
(MRRmono). According to the flowchart, if a child produces a MRRmono below 
3 syllables per second the child is diagnosed as dysarthric. In Appendix A the 
child obtains a 'dysarthria score' of 2. If the child produces a MRRmono of 3.5 
syllables per second or faster, the child is diagnosed as not dysarthric (dysarthria 
score 0). In both these cases it is not necessary to administer the task Maximum 
Phonation Duration (MPD). However, if  the child produces a MRRmono 
between 3.0 and 3.5 syllables per second (dysarthria score 1), the diagnosis also 
depends on the performance on Maximum Phonation Duration (MPD). If MPD 
is higher than 7.5 seconds, the dysarthria score remains 1 and the child is 
diagnosed as not (primarily) dysarthric. If on the other hand MPD is 7.5 seconds 
or below, the child obtains an additional dysarthria penalty score of 1, such that 
the total dysarthria score13 becomes 2. A dysarthria score of 2 indicates that the 
child is primarily dysarthric.
In the second stage of the flowchart of Figure 2, the following parameters are 
used: (1) correctness of trisyllabic sequence (Syllable Sequence) and (2) 
repetition rate of a trisyllabic sequence (MRRtri). According to the criteria, the 
diagnosis dyspraxia applies if a child is unable to produce a correct trisyllabic 
sequence or if  a child produces a MRRtri below 3.4 syllables per second. In 
Appendix A the child obtains a dyspraxia score1 of 2. If the child produces a 
correct trisyllabic sequence of 4.4 syllables per second or faster, the child is 
diagnosed as not dyspraxic (dyspraxia score 0). In these two cases no additional 
parameter(s) are required. However, if  the child produces a MRRtri between 3.4 
and 4.4 syllables per second (dyspraxia score 1), the diagnosis depends on
13 Because in the present study all tasks were administered to all children, instead of making 
MPD conditional to performance on MRRmono or making MFD and Attempts 
conditional to Syllable Sequence and MRRtri, dysarthria and dyspraxia scores higher 
than 2 are reported in Appendix A.
Maximum Fricative Duration (MFD) or the number of extra attempts (Attempts) 
the child required to achieve a correct trisyllabic sequence. If the child produces a 
MFD higher than 11 seconds or needed less than 3 extra attempts, the dyspraxia 
score remains unaltered (1). The child is diagnosed as not (primarily) DAS. On 
the other hand, if MFD is below 11 seconds or Attempts is 3 (maximum), the 
child obtains an additional dyspraxia penalty score, such that the total dyspraxia 
score becomes 2. This dyspraxia score justifies the clinical diagnosis DAS.
The current, adapted flowchart of Figure 2 is functionally equivalent to the 
flowchart presented in the previous study (Thoonen et al., 1996). That is, all 
children in the reference groups obtained the same speech motor diagnosis in 
both flowcharts (i.e., the previous flowchart based on composites of parameters 
and the current flowchart with weighted parameters). Of the 11 children with 
dysarthria (according to experimental evaluation protocol) all were dysarthric 
according to both flowcharts. All 11 children with normal speech were correctly 
diagnosed by both flowcharts. Only for the DAS reference group, one and the 
same child out of 11 children was missed according to both flowcharts.
Cross-validation
Evaluation of the predictive validity of MPTs (i.e., the extent to which measures 
of MPTs are able to classify groups of children using the adapted flowchart) 
consisted of computing sensitivity and specificity values14 for the validation 
groups. The sensitivity of a diagnostic procedure expresses the accuracy of the 
procedure to detect individuals in a population who have the disorder. The 
specificity of a diagnostic procedure expresses the accuracy of the procedure to 
detect only disordered individuals (i.e., not diagnose healthy individuals as 
pathological).
Statistical analysis
In order to test whether the observed differences between validation groups were 
statistically significant, one-way analyses of variance (SPSS-PC; ANOVA, 1993) 
were conducted for each of the six MPT-parameters under investigation. The 
main effect tested for significance was Validation Group 
(Control,Dysarthria,DAS). Measures of MRRmono and MRRtri were
Sensitivity and specificity are calculated on the basis of a 2 x 2 contingency table 
consisting of: (1) the number of children correctly diagnosed as having the disorder 
('hits'); (2) the number of children incorrectly diagnosed as having the disorder ('false 
positives'); (3) the number of children correctly diagnosed as not having the disorder 
('correct rejections'); and (4) the number of children incorrectly diagnosed as not having 
the disorder ('false-negatives’). Sensitivity is calculated by the formula (1)/(1)+(4) and 
specificity by the formula (3)/(2)+(3).
logarithmically transformed in order to normalize the positively skewed MRR- 
distributions; the observed measures of skewness were g  > 0.40. Pair-wise 
comparisons were made using the Newman-Keuls procedure (p < 0.05)
Results
Dysarthria score: MRRmono and MPD
MRRmono. Table 2 shows that, for the validation groups, the dysarthric group 
produced slower monosyllabic sequences than the DAS group and control group. 
In a one-way analysis of variance on MRRmono the factor Subject Group 
(control, dysarthria, DAS) proved to be highly significant [F(2,29) = 47.18, p  < 
0.001]. A Newman-Keuls test revealed that the MRRmono for the dysarthric 
group was significantly lower than for the DAS and control groups (p < 0.05). 
Furthermore, the DAS group produced significantly lower repetition rates than 
the controls. The performance pattern of the validation groups (DysA < DAS < 
Control) is different from that of the reference groups (DysA < DAS ~ Control). 
As compared to the reference groups, children with DAS in the validation groups 
produced slower MRRmonos. We hypothesize that this difference is caused by 
co-occurring dysarthric involvement in the DAS validation group.
MPD. The mean maximum phonation durations of the validation groups are 
presented in Table 2. A univariate analysis of variance on the MPDs revealed 
significant differences between the three subject groups [F(2,29) = 11.59, p  < 
0.01]. A post-hoc test for group differences (Newman-Keuls) revealed that the 
MPDs produced by the DAS and dysarthric groups were significantly shorter 
than that of the control group (p < 0.05). The group means of the DAS and 
dysarthric groups were not statistically significant.
The performance pattern of the validation groups (DysA « DAS < Control) is 
different from that of the reference groups (DysA < DAS ~ Control). In 
particular, the MPDs of the dysarthric validation group were significantly higher 
than that of the dysarthric reference group [t = 3.32, df  = 16, p  = 0.004]. The 
observed differences between the dysarthric validation and reference groups can 
be attributed to normal-levels of MPD for four children in the higher age range 
with mixed forms of dysarthria (Appendix B: cases DysA 12 to DysA 15). 
Moreover, the dyspraxic validation group performed significantly poorer on 
MPD than the dyspraxic reference group [t = -2.63, df  = 19, p  = 0.02]. Inspection 
of the individual data for the DAS groups indicated that the MPD clearly 
improves between the ages 4-5 years and 6-8 years [Spearman correlation 
coefficient: r(MPDage) = 0.62, n = 21, p  < 0.01]. No trends reflecting age-effects 
were found in MPDs of the dysarthric groups.
Table 2. Maximum repetition rate ofmonosyllabic sequences (MRRmono in syll/sec) and 
maximum phonation duration (MPD in seconds) for the validation groups.
Validation groups MRRmono MPD
Mean SD Range Mean SD Range
Control 5.27 0.57 4.37-6.14 14.98 2.72 10.73-20.70
DysA 2.74 0.83 1.83-4.27 10.31 5.49 4.01-18.09
DAS 3.80 0.23 3.46-4.22 7.10 2.78 3.86-13.10
nSD 4.30 0.57 3.32-5.02 10.52 4.54 2.71-16.36
Note. Control = normal speech [n = 11]; DysA = dysarthria [n = 
dyspraxia of speech [n = 10]; nSD = nonspecific speech disorder [n =
9]; DAS = 
= 11]
developmental
The scatterplots for the reference and validation groups (see Figure 3) illustrate 
the coherence between MRRmono and MPD for three subject groups. The 
uninterrupted vertical line in both plots serves as a distinctive marker for 
dysarthria scores below 2 or equal/above 2. This boundary underscores the 
importance of MRRmono for differential diagnosis between the validation 
groups. Although the differences between the validation and reference groups are 
most evident on MPD, MRRs in the critical bandwidth (3.0 - 3.5) always co­
occur with short MPDs. This observation emphasizes the importance of MPD, in 
addition to MRRmono, for the differentiation of dysarthric symptomatology from 
other speech problems. Inspection of the individual data reveals that children 
from the dyspraxic validation group achieve lower scores on both MRRmono 
and MPD in comparison to children from the dyspraxic reference group. 
Children with normal speech from the validation group perform slightly better on 
both parameters.
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Figure 3. Scatterplots of MRRmono and MPD for the reference groups and the validation groups. 
The encircled values represent the summarized penalty scores on MRRmono and MPD. MPDs 
below 7.0 sec. and MRRmono’s between 3.0-3.5 syll/sec receive a penalty score of 1 whereas 
MRRmono’s below 3.0 receive a penalty score of2. +  Dysarthria score = 0 (no penalty scores 
on MRRmono and MPD); +  Dysarthria score = 1 (one penalty score on MRRmono or MPD); 
+  Dysarthria score = 2 (one penalty score on MRRmono and MPD or two penalty scores on 
MRRmono); +  Dysarthria score = 3 (two penalty scores on MRRmono and one penalty score on 
\MPD).
----------------------------------------------------------------------------------------------------------------------
Dyspraxia score: Sequence, Attempts, MRRtri and MFD
Sequence and Attempts. Prior to the calculation of trisyllabic repetition rates 
(MRRtri), the performances were evaluated upon correctness of the sequence 
produced by the child (Sequence) and upon ease of production (Attempts). Table 
3 shows the number of children in the validation groups capable of producing a 
correct trisyllabic sequence as well as the number of children that require no, one 
to two or three (= maximum) extra attempts.
Table 3. Distribution ofsubjects on Sequence (ability of producing a trisyllabic sequence) 
and Attempts (number ofextra attempts required upon general practice for the production 
of a trisyllabic sequence) for the validation groups.
Validation groups
Sequence Attempts
correct incorrect 0 1-2 3
Control 11 0 8 2 1
Dysarthria 8 1 6 1 2
DAS 2 8 0 1 9
nSD 9 2 2 7 2
Note. Control = normal speech [n=11]; DysA = dysarthria [n=9]; DAS = developmental dyspraxia 
[n=10]; nSD = nonspecific speech disorder [n=11]V^f speech
All children with normal speech were able to produce fast, error-free trisyllabic 
sequences (see also Appendix B). Eight out of eleven normals and six out of nine 
dysarthric children were able to produce a trisyllabic sequence immediately upon 
standard practice (i.e., required no extra attempts). Three normals and three 
dysarthric children required extra attempts. One dysarthric child turned out to be 
incapable of producing a correct tri-syllabic sequence. In the dyspraxic validation 
group, only two of the ten children (2/10) were able to produce a correct 
trisyllabic sequence, and both children needed extra attempts.
The performance patterns of the dysarthric validation and reference groups do 
not differ. For the dyspraxic groups, however, more children in the reference 
group (7/11) were capable of producing a trisyllabic sequence, as compared to 
2/10 children in the validation group. This difference might be caused by the fact 
that more younger children participated in the dyspraxic validation group than in 
the dyspraxic reference group. The data of the dyspraxic reference and validation 
groups indicate that children under the age of six experience severe difficulties in 
producing a correct trisyllabic sequence of /pa taka/.
MRRtri. Performances on Maximum trisyllabic Repetition Rate (MRRtri) and 
Maximum Fricative Duration (MFD) are presented in Table 4. Maximum 
repetition rates were only calculated for error-free trisyllabic sequences. As a 
result of this restriction, only for two dyspraxic children trisyllabic rates could be 
calculated. A one-way analysis of variance on MRRtri yielded highly significant 
differences between the three subject groups (i.e., Control, DysA and DAS)
[F(2,20) = 18.67, p  < 0.001]. Newman-Keuls post-hoc comparisons (p < 0.05) 
indicated that the control group produced higher trisyllabic rates than the DAS 
and dysarthric groups; the latter groups did not differ. This performance pattern 
(DAS ~ DysA < Control) of the validation groups is identical to that of the 
reference groups. Moreover, a comparison of the validation and reference groups 
revealed no significant differences for the dyspraxic groups [t = -2.24, df  = 7, p  = 
0.06] and for the dysarthric groups [t = 1.15, df  = 14, p  = 0.271].
Table 4. Maximum repetition rate o f trisyllabic sequence (MRRtri in syll/sec) anct\ 
maximum fricative duration (MFD in seconds) for the validation groups.
Validation
groups
MRRtri MFD
Mean SD Range Mean SD Range
Control 5.33 0.96 3.77 - 7.06 15.01 3.31 9.99 - 20.93
DysA 2.93** 0.99 1.33 - 4.48 10.13 5.72 3.48 - 17.77
DAS 2.441 0.02 2.42 - 2.45 6.76 3.39 2.01 - 17.10
nSD .83 1.20 2.56 - 5.71 10.72 3.84 4.11 - 17.82
Note. Control = normal speech [n=11]; DysA = dysarthria [n=9]; DAS = developmental 
dyspraxia of speech [n=10]; nSD = nonspecific speech disorder [n=11]. Children unable
to produce a correct trisyllabic sequence after a maximum number of additional trials: **:
f i one of nine cases excluded (11.1%); : eight of ten cases excluded (80.0%); : two of
eleven cases excluded (18.2%).\el<
MFD. A one-way analysis on the MFDs for the validation groups indicated 
significant differences between subject groups [F(2,30) = 8.98, p  < 0.01]. A 
Newman-Keuls test (p < 0.05) demonstrated significant differences between the 
control group and the other two groups, which did not differ. This results in the 
following performance pattern: DAS ~ DysA < Control. In the reference groups 
(see Appendix A), the children with dysarthria produced significantly shorter 
MFDs than the children with DAS. These results can be translated into the 
performance pattern: DysA < DAS < Control. In correspondence to MPD, the 
observed differences between validation and reference groups can be attributed 
to normal-like behavior of some older dysarthric children and to dysarthric-like 
behavior of some younger children with DAS.
Evaluation ofdiagnostic flowchart
The outcome of the diagnostic flowchart of Figure 2 for the validation groups 
(total number of 41 children) was calculated against the clinical judgements of 
speech-language pathologists. Sensitivity and specificity of the diagnostic 
procedure are shown in Table 5.
Table 5. Contingency tables o f validation measures (sensitivity and specificity) of 
classifications (dysarthria and dyspraxia) based on MPT(adapted flowchart) as compared 
to judgements o f speech-language pathologists
Classification of dysarthria MRRmono and MPD
Speech-Language Pathologist
Diagnosis
dysarthria NO dysarthria
Total
MPT
dysarthria S 0 S
NO dysarthria 1 21 22
Total 9 21 3G
Sensitivity: 89% (8/9)
Specificity: 100% (21/21)
Classification of DAS Sequence, MRRtri, MFD and Attempts
Diagnosis
Speech-Language Pathologist
Total
DAS NO DAS
MPT
DAS ÌG 1 11
NO DAS 0 10 1G
Total ÌG 11 21
Sensitivity: 100% (10/10)
Specificity: 91% (10/11)
The first 2x2 contingency table demonstrates that eight of the nine children 
(89%) clinically judged as dysarthric obtained a dysarthric score equal to or
higher than 2. Thus, application of the two MPTs (i.e., MRRmono and MPD) 
yields a sensitivity of 89%, which suggests that MRRmono and MPD are 
accurate measures to detect children with moderate to severe dysarthria. 
Furthermore the diagnostic procedure proved to be highly specific: none of the 
children with other clinical labels were classified as dysarthric.
A similar result was obtained for the children with DAS. All children in the 
validation group with a primary clinical diagnosis of DAS received a dyspraxia 
score of 2 or higher. This means that the sensitivity of the flowchart (applying 
Sequence, MRRtri, MFD and Attempts) to detect DAS is 100%. However, one 
normal-speaking child received a dyspraxia score of 2 and thus was classified 
wrongly; this means that the specificity of the flowchart is 91% (10/11). 
Information from the classroom teacher revealed that for this incorrectly 
classified normal-speaking child, some minor speech problems were perceived in 
comparison to peers. Referral for speech therapy was not yet considered, 
however.
Non-specific speech disordered group (nSD)
Performance patterns on MPTs. The performances of the nonspecific speech- 
disordered group on the MPT-parameters were compared to the performances of 
the validation groups. On MRRmono, the mean repetition rates of the speech- 
disordered group lie in between that of the control and DAS group (see Table 2). 
Based on the results of a post-hoc analysis (Newman-Keuls, p  < 0.05) the 
following pattern emerged: DysA < DAS ~ nSD < Control. For MPD, the 
performances of the speech-disordered group were similar to that of the DAS and 
dysarthric groups (DysA ~ DAS ~ nSD < Control). The observed differences 
between the speech-disordered and DAS group (10.52 versus 7.10) were not 
statistically significant [t = 2.05, df = 19, p  = 0.054].
Most of the children with non-specific speech disorders were capable of 
producing a rapid, error-free trisyllabic sequence (Sequence). Regarding this 
outcome, the speech-disordered group strongly resembles the control and 
dysarthric groups. However, in contrast to the latter groups, the speech- 
disordered group required more extra attempts (1 to 2) upon standard practice 
(see Table 3). This performance profile is quite different from that of all the other 
subject groups in this study. On MRRtri, the children with nonspecific speech 
disorders performed within a wider range of repetition rates (see Table 4) in 
comparison to the other validation groups. The mean repetition rates of the 
speech-disordered group are significantly slower than that of the control group [t 
= -3.09, df  = 18, p  < 0.001]. The following performance pattern emerges: DAS ~ 
DysA « nSD < Control. The mean performances of the non-specific speech 
disordered group on MFD are similar to the dysarthric group. Furthermore, for
both groups the diversity in MFDs is quite extensive (ranges from 4 - 18 
syll./sec.). The speech-disordered group produced significantly shorter MFDs 
than the control group [t = -2.81, df  = 20, p  < 0.01] but significantly longer 
MFDs than the DAS group [t = 2.21, df = 19, p  <  0.04]. Thus, the following 
performance pattern emerges: DAS < DysA ~ nSD < Control.
Table 6. Distribution of dysarthria scores and dyspraxia scores for the validation 
groups.
Dysarthria Score Dyspraxia Score
Validation groups < 2 > 2 < 2 > 2
nSD 10 (  91%) 1 ( 9%) 4 ( 36%) 7 ( 54%)
Control
Dysarthria
DAS
11 (100%) 
1 ( 11%) 
10 (100%)
0 ( 0%) 
8 (89%) 
0 ( 0%)
11 1100%) 
2 ( 22%) 
0 ( 0%)
0 ( 0%) 
7 ( 78%) 
10 (100%)
Note. nSD = nonspecific speech disorder [n=11]; Control = normal speech [n=11]; DysA 
= dysarthria [n=9]; DAS = developmental dyspraxia of speech [n=10]. ^
Differential diagnosis based on flowchart
The outcome of the diagnostic procedure of MPT (see flowchart in Figure 2) for 
the non-specific speech disordered group is shown in Table 6. This table 
demonstrates that one of the eleven children (9%), clinically judged as non­
specific speech-disorder, obtained a dysarthric score equal to 2. For this child 
(Appendix B: nSD #1) the diagnosis of moderate to severe dysarthria is therefore 
justified. This child also obtained a dyspraxia score of 2. An additional six of the 
remaining ten children (60%) were classified as primarily dyspraxic, based on 
dyspraxia scores of 2 or higher. The speech-language problems of four children 
(36%) could not be characterized as originating from speech-motor dysfunctions. 
These four children obtained a dysarthria and dyspraxia score of 0 or 1.
Discussion
In a previous study (see Chapter 5 of this thesis), we reported on a diagnostic 
procedure, based on Maximum Performance Tasks (MPTs), for the assessment 
of motoric involvement in children with speech problems. In the present study 
we aimed at evaluating the clinical validity of this procedure as well as the
differential diagnostic power, using newly selected cases with pure and mixed 
speech-language disorders of moderate severity.
The main aim of the present study was to cross-validate a diagnostic procedure 
based on maximum performance tasks (MPTs) for the assessment of motoric 
involvement in speech problems of school-aged children. Validation of the 
diagnostic procedure (decision rules and criteria) was performed on subject 
samples (validation groups) that were selected independently of the subject 
samples (reference groups) used to create the decision rules and criteria in the 
first place. The results indicate that the validity, expressed in sensitivity and 
specificity, of the diagnostic procedure was high when compared to clinical 
judgements. The sensitivity measures were 89% for dysarthria and 100% for 
dyspraxia. The overall diagnostic accuracy (sensitivity) of the procedure was 
95%. Moreover, the overall specificity of the procedure was very high (97%): 
only one of the thirty (3%) participating children was misdiagnosed. In clinical 
practice, sensitivity (true positives) and specificity (true negatives) values of at 
least 90% are required (Shriberg, Aram & Kwiatkowski, 1997). Thus, the results 
clearly support the validity of the diagnostic procedure in the classification of 
children with motor speech disorders. More specifically, this implies that subsets 
of MPT-measures yield indices of speech motor behavior that have clear 
differential diagnostic value. The high sensitivity is particularly notable because 
this study utilized 6 (30%) speech disordered children with only mild 
involvement or indefinite diagnosis. In other words, the admittance of less clear 
cases had no negative impact on the sensitivity of the diagnostic procedure.
A review of the performance patterns of the validation and reference groups 
revealed that a slow monosyllabic repetition rate (MRRmono) is a powerful sign 
of dysarthric involvement. Although the dysarthric cases of the validation and 
reference groups show rather diverse performance patterns on MRRs 
(monosyllabic repetition rate versus trisyllabic repetition rate), and thus represent 
rather heterogeneous subject groups, MRRmono remains the prime diagnostic 
marker for spastic dysarthria. This finding corroborates the conclusion of the 
previous study (Thoonen et al., 1996). Also in line with the latter study is the role 
of maximum phonation duration (MPD) as a contributing parameter in the 
diagnosis of dysarthria. The present study demonstrates that MPD is also an 
essential parameter for a proper diagnosis of less clear cases of dysarthria. Two 
children achieved intermediate MRRmonos (3.0-3.5), and could therefore not be 
diagnosed on merely one parameter. In general, the results of this study suggest 
that MPD is less suitable, in terms of sensitivity, for young children under 4 years 
of age.
In correspondence with the findings based on the reference groups, difficulties in 
sequencing speech movements is the central sign of dyspraxic involvement. The 
MPT-measures, ease of production (Attempts) and trisyllabic repetition rates 
(MRRtri) proved to be very sensitive measures to assess speech planning 
capacities in school-aged children. The status of maximum fricative duration 
(MFD) for the diagnosis of dyspraxia remains undetermined, because the 
unambiguous performances on MRRtri for the dyspraxic validation group were 
highly informative towards making a diagnosis. As yet, MFD will be retained as 
a supporting measure for a proper diagnosis of less clear cases of dyspraxia.
Regarding the specificity value of sequencing abilities, the relatively poor 
performance of one normal-speaking child (Appendix B: C15) was validated by 
the recognition of speech-language problems nearly one year after the assessment 
of MPTs. The results of this study also indicated that 4-5 year old children with 
dyspraxia will hardly be able to produce a correct sequence, whereas normal­
speaking age mates require more practice but ultimately grasp the task in 
producing relatively slow repetition rates (Logan, Yaruss, & Conture, 1994).
The second aim of the present study concerns the contribution of the diagnostic 
procedure of MPT in the differentiation of non-specific speech disorders from 
dysarthria and dyspraxia. The results of this part of the study indicate that the 
performance pattern of the nonspecific speech-disordered group is different from 
that of remaining subject groups. Firstly, children from the nonspecific speech- 
disordered group required more practice to produce trisyllabic sequences than 
children from the dysarthric and control groups. Secondly, in contrast to the 
dyspraxic group a large proportion of the nonspecific speech-disordered group is 
capable of producing a correct trisyllabic sequence after prolonged practice. On 
MRRmono and MPD, the performances of the nonspecific speech-disordered 
group are intermediate between that of the control and DAS validation groups, 
but closest to the performances of the DAS group. On MRRtri and MFD, the 
performances of the nonspecific speech-disordered group are closest to that of 
the dysarthric group.
The results show that at the level of speech symptoms, expressed in MPT-scores, 
there is an overlap in performances across the three subject groups. To illustrate 
this, the study revealed: (a) a co-occurring dysarthric involvement in the 
dyspraxic validation group as assessed by MRRmono; (b) a normal-like behavior 
of some older dysarthric cases on MPD and MFD and (c) a dysarthric-like 
behavior in the youngest children with DAS on MFD. Moreover, the MPT- 
measures indicated that a dyspraxic or dysarthric involvement is often present in 
children with a non-specific speech disorder. In spite of the overlap in speech
symptomatology, MPTs yielded accurate indices of the primary speech deficits 
for each particular child. From a clinical perspective, the assessment of the 
relative involvement of dyspraxia versus dysarthria in speech production requires 
the administration of both MRRmono and MRRtri. The combination of results 
from MRRmono and MRRtri not only yields a diagnostic classification, but also 
determines the degree of involvement of secondary speech disturbances. With 
these results, the study has substantiated the generalizability of the diagnostic 
procedure and thereby pointed out its use in clinical (diagnostic) practice.
This study has clearly shown that measures of MPT contribute to the differential 
diagnosis and assessment of childhood speech disorders. Moreover, only 
recently, several MPTs can be automatically analyzed by using computerized 
procedures (CSL-Motor Speech Profile, 1997; Bakker, Maassen, & Thoonen, 
1994; Thoonen, Bakker, & Maassen, submitted). These customized procedures, 
using sets of protocols which quickly extract the speech parameters relevant for 
DAS and dysarthria, largely enhance the clinical relevance. This means that 
MPTs are not only valid measures in speech motor assessment but are also 
relatively easy to manage in assessment as well as analysis.
Appendix A. Individual data for Reference Groups over five MPT-parameters with 
the combined weighted scores o f parameters MRRmono & MPD and o f parameters 
Sequence, MRRtri, Attempts & MFD.
Subject
Group
Case Age
(mths)
MRR
mono
MPD Dysarthria 
score f
MRR Attempts
tn (3=maximum)
MFD Dyspra 
score *
Control C1 072 5.2 10.9 0 5.6 3 20.2 1
n=11 C2 072 5.2 10.0 0 4.3 0 12.7 1
C3 077 4.8 14.8 0 4.7 0 11.4 0
C4 079 4.8 11.7 0 5.6 1 13.8 0
C5 083 4.0 10.5 0 4.1 0 12.8 1
C6 084 4.1 17.9 0 4.8 1 13.4 0
C7 085 5.3 11.0 0 5.0 2 10.2 1
C8 087 5.1 14.7 0 4.5 0 19.0 0
C9 089 4.8 20.4 0 4.2 1 16.9 1
C10 095 5.4 15.4 0 5.4 0 17.2 0
C11 098 5.7 12.0 0 6.4 0 16.0 0
Dysarthria DysA1 076 3.4 3.3 2 1.5 0 3.2 3
n=9 DysA2 081 2.6 5.7 3 unable 3 2.3 3
DysA3 081 3.4 3.3 2 3.3 0 3.4 3
DysA4 092 2.6 1.0 3 1.9 0 0.9 3
DysA5 093 3.4 7.5 2 3.1 0 5.1 3
DysA6 094 3.4 3.7 2 3.1 0 3.0 3
DysA7 118 2.8 2.6 3 2.6 0 3.7 3
DysA8 121 2.7 5.0 3 2.3 2 3.9 3
DysA9 123 2.7 2.6 3 1.6 0 1.9 3
DAS DAS1 075 4.5 9.2 0 3.0 2 14.0 2
n=11 DAS2 077 4.1 6.5 1 unable 3 8.2 3
DAS3 078 3.6 15.1 0 4.0 3 10.8 2
DAS4 079 4.2 12.6 0 3.7 1 9.1 2
DAS5 081 4.1 10.0 0 unable 3 7.9 3
DAS6 082 4.4 5.8 1 unable 3 7.5 3
DAS7 084 4.7 7.7 0 3.1 1 11.7 2
DAS8 085 3.8 13.8 0 2.8 1 11.6 2
DAS9 089 5.0 13.2 0 4.7 1 11.2 0
DAS10 092 4.9 9.4 0 4.3 3 6.2 2
DAS11 093 4.9 12.2 0 unable 3 6.3 3
Note. { Dyspraxia score
f  Dysarthria score
Weighted score
Parameter 0 1 2
MRRmono > 3.5 3.0 - 3.5 < 3.0
MPD > 7.5 < 7.5
Weighted score
Parameter 0 1 2
Sequence able unable
MMRtri > 4.4 3.4 - 4.4 < 3.4
Attempts < 2 > 2
MFD >11.0 <11.0
S .
Appendix B. Individual data for Validation Groups: overfive MPT-parameters with 
the combined weighted scores o f parameters MRRmono & MPD and of parameters 
Sequence, MRRtri, Attempts & MFD.
Subject
Group
Case Age
(mths)
MRR
mono
MPD Dysarthria 
score f
MRR Attempts
tri (3=maximum)
MFD Dyspraxia 
score J
Control C12 062 4.7 10.7 0 5.2 0 10.4 0
n=11 C13 064 4.4 14.4 0 4.6 0 13.1 0
C14 091 5.3 15.2 0 4.9 1 13.5 0
C15 091 4.8 15.1 0 3.8 3 14.1 2
C16 107 4.7 14.9 0 4.6 1 16.0 0
C17 109 5.6 10.8 0 5.2 0 10.0 0
C18 120 5.7 15.6 0 5.0 0 16.6 0
C19 125 5.1 14.4 0 7.1 0 15.2 0
C20 128 6.1 16.2 0 5.5 0 16.5 0
C21 129 5.5 16.8 0 6.3 0 18.9 0
C22 138 6.0 20.7 0 6.5 0 21.0 0
Dysarthria DysA10 064 2.0 4.0 3 unable 3 3.5 3
n=9 DysA11 082 3.3 6.6 2 2.6 3 6.9 3
DysA12 097 2.1 15.0 2 1.3 1 14.6 2
DysA13 142 4.3 18.1 0 3.7 0 16.5 1
DysA14 152 2.0 16.8 2 2.5 0 17.8 2
DysA15 167 1.8 13.5 2 22 0 15.2 2
DysA16 167 3.3 4.8 2 3.1 0 5 0 3
DysA17 171 2.9 7.8 2 3.7 0 6 0 2
DysA18 197 3.0 6.2 2 4.4 0 5 8 1
DAS DAS12 053 3.7 4.1 1 unable 3 6.1 3
n=10 DAS13 055 3.6 7.3 1 unable 3 4.5 3
DAS14 057 3.9 3.9 1 unable 3 2.1 3
DAS15 059 3.7 7.0 1 unable 3 6.0 3
DAS16 059 3.5 7.8 0 unable 3 5.2 3
DAS17 059 4.1 3.9 1 unable 3 2.0 3
DAS18 074 3.6 8.2 0 unable 3 6.9 3
DAS19 079 3.9 8.5 0 2.5 3 17.1 3
DAS20 086 3.9 10.3 1 unable 3 7.4 3
DAS21 090 4.2 13.1 0 2.4 2 10.4 2
Nonspecific nSD1 052 3.4 6.0 2 2.8 0 9.9 3
Speech nSD2 065 4.7 6.7 1 unable 3 4.1 3
Disorder nSD3 067 3.8 2.7 1 2.6 1 7.2 3
n=11 nSD4 077 3.3 15.5 1 5.3 1 12.6 0
nSD5 093 5.0 15.5 0 5.7 0 11.1 0
nSD6 094 4.4 16.4 0 4.8 1 17.8 0
nSD7 098 4.9 8.5 0 unable 3 8.4 3
nSD8 100 4.1 7.8 0 3.1 2 8.3 3
nSD9 120 4.6 13.5 0 4.4 2 15.0 0
nSD10 127 4.4 12.9 0 2.8 2 10.4 3
nSD11 131 4.6 15.8 0 3.2 1 13.2 2
Note. f  and J : The weighted scores for the Dysarthria score and the Dyspraxia score are
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Abstract
In clinical settings the assessment o f maximum repetition rate (MRR) often 
contributes to the diagnosis o f speech and oral motor dysfunctions in children 
with a developmental or neurogenic speech disorders. The purpose o f the present 
study was to test the concurrent validity o f a recently developed semi-automatic 
procedure for the measurement o f MRR. Acoustic recordings o f l l  children with 
developmental apraxia of speech (DAS) and 11 children with normal speech 
(Normals), who performed MRR-related tasks, were analyzed according using 
the automated and a traditional manual procedure. The automated procedure 
consisted o f a preliminary version of the Motor Speech Profile; an add-on 
software program to Computerized Speech Lab (CSL, Kay Elemetrics), which is 
based on the detection o f syllable onsets in the intensity envelope o f the speech 
signal. In the manual procedure an operator marked onsets o f syllables on the 
basis o f oscillographic displays o f the raw acoustic wave form. The results 
revealed strong correlations between the semi-automatic and manual results for 
most utterances, and in both subject groups, for number o f syllables per second 
(MRR), standard deviation o f MRR, but not as high for jitter  ratio (adjacent 
durational instability) on all cases. The apparent high levels o f concurrent 
validity for syllable repetition rate and durational variability, support the use of 
the semi-automatic procedure, at least in the case o f the populations involved in 
the present study Further research is needed to resolve why durational 
variability is a stable characteristic when determined in the form of a standard 
deviation, but not when represented as adjacent durational variability (jitter 
ratio).
Introduction
Motor speech evaluations of clients with suspected injuries to the nervous system 
often assess maximum repetition rate15 (MRR) for differential diagnostic 
decisions (e.g., Darley, Aronson, & Brown, 1975; Wertz, Lapointe, & Rosenbek, 
1984). The rationale is that MRR "... provides insight into the adequacy o f the 
patient's neuromotor maturation and integration" (Baken, 1987, p. 445). As a 
result, MRR activities are often an essential part of assessment procedures with 
clients whose speech is affected by cerebral palsy (Hixon & Hardy, 1964; 
Schliesser, 1982) and Parkinsonism (Canter, 1965; Kreul, 1972; Tatsumi, 
Sasanuma, Hirose, & Kiritani, 1979), among others. Also, the use of MRR - 
diadochokinetic- tests has been generalized to other populations not suspected of 
suffering from neurological impairment. MRR has been determined, for example, 
for functional articulation disorders (Yoss & Darley, 1974) and lispers (Dworkin, 
1978). A broad base of normative data, also, is available for normal speakers that 
differ in age and gender (Dworkin, Ptacek, Sander, Maloney, & Jackson, 1966; 
Dworkin et al., 1980; Kent, Kent & Rosenbek, 1987; Robbins & Klee, 1987).
Typically, MRR activities are determined using the time-by-count measure 
suggested by Fletcher (1972). This requires the use of a stopwatch as the only 
means of technical support. Although the accuracy and reliability of the manual 
method are still largely undetermined, the use of the assessment of 
diadochokinetic performance for differential diagnostic decisions is widespread 
and generally accepted.
Until recently, there were no automated procedures for quick and accurate 
determinations of MRR. Although MRR may, ultimately, may be computed from 
data obtained with computer-based platforms for acoustic speech analysis (e.g., 
the Kay Elemetrics DSP 5500 or CSL 4300; SoundScope by GW-Instruments), 
their implementation at this time presents by no means easy, or quick, solutions. 
As a result, the instrumented measurement of MRR has remained a relatively 
infrequent procedure for most practicing speech-language pathologists.
Obviously there is a need for efficient procedures that are capable of matching 
the accuracy and reliability of available premium stations for speech analysis. 
This need is no more urgent than with patients whose attention span is limited, or 
who easily fatigue, like many of those with neurogenic communication disorders, 
or children. Even though the testing time for most clients may be reduced by tape 
recording the responses for later analysis, the ultimate processing time, including 
both the analysis and necessary calculations, in the experience of the authors 
(Bakker, Arkebauer, & Boutsen, 1993; Boutsen, Bakker, & Duffy, 1997;
MRR is better known in clinical practice as ‘verbal diadochokinesis’.15
Thoonen, Maassen, Wit, Gabreels, & Schreuder, 1996; Wit, Maassen, Gabreels, 
& Thoonen, 1993), may take up to approximately 20-30 minutes of additional 
work even for experienced users. This creates an unacceptable time burden for 
speech-language pathologists who depend on frequent determinations of MRR 
performance. As a result, the instrumented procedure is confined to only those 
conditions where accuracy is of the utmost importance.
Computer-aided procedures have undisputed advantages over manual 
procedures. That is, MRR-related statistical data would be determined more 
quickly and accurately. But moreover, computer-based methods enable the 
simultaneous determination of additional aspects of motor speech production, 
such as for example variability in production (Baken, 1987; Kent, Kent, & 
Rosenbek, 1987; Portnoy & Aronson, 1982; Wit et al., 1993).
Clearly, the lack of access to computer-based systems for immediate 
assessment of repetition rate and durational variability have delayed the routine 
determination of these procedures in clinical practice. Fortunately, a study by 
Bakker et al. (1993) has revealed that automated determination of repetition rate 
and durational variability is feasible and reveals strong concurrent validity with 
reference to a carefully conducted non-automated analysis employing CSL (Kay 
Elemetrics, Model 4300). Given the expected practical advantages of the 
automated procedure, this study was designed to replicate the validity of the 
semi-automatic system among subjects from different clinical populations (i.e., 
children who do or do not suffer from developmental apraxia of speech).
Method
Subjects
Eleven children with developmental apraxia of speech (DAS), 9 boys and 2 girls 
who ranged in age from 6;03 to 7;09 (Mean: 6; 11) participated in this 
investigation. They were diagnosed by certified speech-language pathologists and 
ultimately accepted for treatment at schools for speech and language impaired 
children in the Netherlands. The control group consisted of 11 children with 
normal speech (Normals) from two elementary schools in the same geographical 
area. There were 8 boys and 3 girls, who ranged in age from 6;00 to 8;03 (Mean: 
7;00). For details of the subject selection procedure see Thoonen, Maassen, 
Gabreels, Schreuder and De Swart (1997).
Procedure
The subjects, as part of a phonological and phonetic speech evaluation, 
conducted the tasks that were analyzed in this investigation. That is, MRR, or 
diadochokinetic performance was determined and recorded on tape for the 
utterances /p a p a p a /16, / ta ta ta / , and /kakaka/. The best of the recorded trials 
(i.e., correct articulation and fastest, such as perceptually determined by the 
experimenters) were selected for a subsequent acoustic analysis of the MRRs, 
their associated standard deviations and a measure of adjacent syllable durational 
variability, or jitter ratio. The MRRs for 10 repetitions of the /pa/, / ta / and /ka/ 
were determined by making use of a computerized program "Speech Lab" 
(Reetz, 1989). In its oscillographic display (a window of 1 second) of the 
plosive-vowel sequence the onset of the burst phase was marked as the beginning 
of the syllable by using a movable cursor. This assessment procedure will be 
referred to as the manual procedure.
Subsequently, the tapes were re-analyzed using a custom made computer based 
system for the automated determination of MRR and variability (Bakker et a l, 
1993). A summarizing schematic of this system is displayed in Figure 1. The 
recorded MRR productions formed the source of the analysis. The signal, after 
adequate amplification, was 'full' rectified and integrated (10 ms integration 
time). Subsequently, it was converted to digital form (12 bits; 100 Hz conversion 
rate; 6.4 sec. sampling time) for further processing by our custom designed 
software. This assessment procedure will be referred to as the automated 
procedure.
The software identified and counted those instances during which acoustic 
energy associated with the syllabic repetitions exceeded an arbitrarily selected 
criterion for representing background noise, measured in mV (in this study it was 
set at twice the background noise level such as it evidenced from the tape 
recordings). This amounted to a noise cut-off level of 60 mV (measured at the 
rectifier/integrator output), which was kept constant for the remainder of the 
analyses. The aforementioned procedure allowed the system to make consistent 
decisions about the actual acoustic onsets, and approximate each of the 
associated syllable durations.
The particular pronunciation [papapa] rather than [pApApA] is typical for the Dutch 
language.
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SOURCE:
Tape Recorder
RECTIFICATION AND INTEGRATION:
Integration time: 10 ms
ANALOG TO DIGITAL CONVERSION:
12 Bits;
100 Hz sampling rate (determined by an external timing device); 
Duration : 6.4 sec.
SOFTWARE:
Automatic determination of
a) the moment of each syllable's acoustic onset
b) the duration (in cs) of each syllable
Input of the analysis range (first ten completed repetitions)
Optional: manual editing of the syllable onsets
(e.g., in case of distorted productions, or the occurrence of 
interfering background noises).
Computation of : mean MRR in syllables per second
standard deviation of the syllable periods 
adjacent durational variability (jitter ratio)
Figure 1. Schematic diagram of automated system fo r measuring MRR and periodic 
\variability.
Following a 'recording' (analog to digital conversion of a tape-recorded trial), the 
experimenter had opportunity to edit decisions automatically such as they were 
suggested by the software. Adjustments were made, sometimes, when false 
positives or negatives occurred (e.g., continued phonation across syllables, a 
'slurring' of consonants which prevented the energy level to return to below the 
cut off level prior to the following syllable; and in some cases obvious external 
interfering noises produced during the recordings).
Data analysis
In the manual procedure, the Maximum Repetition Rate (MRR) was calculated 
for each utterance (ten consecutive syllables) by dividing the total number of
syllables by the duration of the sequence in seconds. Two additional measures, 
based on the marked syllable onsets, were the standard deviation of the syllable 
durations, and the jitter ratios defined as the square root of the mean square 
successive difference (Horii, 1979). In de automated procedure, the same 
statistics were calculated.
The validity of the automated procedure was assessed for each utterance and 
subject group separately, by comparing the group means, standard deviations, 
and jitter ratios with the manual measures. Furthermore, these were evaluated by 
calculating the product moment correlation coefficients.
Results
Validity measures for utterance /p a /
Table 1. displays the descriptive data with regard to the manual and automatic 
determinations of mean MRR (in syllables per second), the standard deviations 
of the syllable periods (measured in cs), and jitter ratio values specific to the 
utterance /p a p a p a /. As can be seen, the mean MRR, standard deviations, and 
jitter ratios determined with either method were close approximations of each 
other. Moreover, this similarity was evident in each subject group.
Table 1. Mean MRR (in syllables per second), standard deviations of periods (in cs), and 
jitter ratios of maximum repetitions of the utterance /p a / produced by 11 dyspraxic 
children (DAS) and 11 children with normal speech (Normals), assessed through a 
manual and automated procedure.
DAS Normals
MRR SD Jitter ratio MRR SD Jitter ratio
Manual method 4.585 3.081 1.317 5.149 3.051 1.470
Automated method 4.563 3.083 1.430 5.138 2.804 1.286
Correlations 0.997 0.798 0.701 0.999 0.902 0.786
Correlations, between the manual and automated methods, were computed to 
evaluate the concurrent validity of the automated MRR, and variability related 
measures. The validity related correlations for mean MRRs were high and 
comparable between the subject groups [DAS: r  = 0.997; df  = 10, p  < 0.001; 
Normals: r  = 0.999; df = 20, p  < 0.001]. Highly significant, but somewhat lower 
correlations were obtained for the variability measures, i.e., standard deviations of
overall MRR [DAS: r  = 0.798; df = 10, p  < 0.01; Normals: r  = 0.902; df = 10, p  < 
0.001] and jitter ratios [DAS: r  = 0.701; df = 10, p  < 0.05; Normals: r  = 0.786; df 
= 10, p  < 0.01].
Validity measures for utterance / ta /
The data obtained for the utterance / ta ta ta /  are displayed in Table 2. As can be 
seen here, once more, the MRR, as well as the standard deviations of the syllable 
durations, were very similar between the manual and automated methods. 
Moreover, high levels of concurrent validity were evidenced for the mean MRR 
measure, both for the dyspraxic children [r = 0.999; df  = 10, p  < 0.001] and the 
controls [r = 0.999; df=  10, p  < 0.001]. The variability related measures revealed 
a high level of concurrent validity for the children with DAS [for standard 
deviations: r  = 0.972; df  = 10, p  < 0.001; for jitter ratios: r  = 0.871; df = 10; p  < 
0.001], a high level of concurrent validity for the standard deviation measure of 
the children with normal speech [r = 0.971; df  = 10, p  < 0.001], but a somewhat 
depressed, although significant correlation for the jitter ratios of the normals [r =  
0.680; df = 10; p  < 0.05].
Table 2. Mean MRR (in syllables per second), standard deviations of periods (in cs), and 
jitter ratios of maximum repetitions of the utterance /ta / produced by 11 dyspraxic 
children (DAS) and 11 children with normal speech (Normals), assessed through a 
manual and automated procedure.
DAS Normals
MRR SD Jitter ratio MRR SD Jitter ratio
Manual method 4.646 2.816 1.436 5.198 2.144 1.129
Automated method 4.660 2.888 1.557 5.181 2.136 1.131
Correlations 0.999 0.972 0.871 0.999 0.971 0.681
Validity measures for utterance /k a /
Also the data in Table 3, which reveal the respective accuracy and validity 
related data for the utterance /kakaka/, reveal a striking similarity with those 
previously reported for the utterances /p a p a p a / and /ta ta ta / . That is, the means 
and standard deviations, obtained with the manual and automated procedures, are 
close mirror images of each other. Thus, the validity coefficients, again, were
high for the overall MRR measures [DAS: r  = 0.981; df  = 10, p  < 0.001; 
Normals: r  = 0.997; df  = 10, p  < 0.001], for the standard deviations [DAS: r  = 
0.945; df  = 10, p  < 0.01; Normals: r  = 0.934; df = 10, p  < 0.001] and for the jitter 
ratios [DAS: r  = 0.830; df  = 10, p  < 0.01; Normals: r  = 0.863; df = 10, p  < 
0.001].
Table 3. Mean MRR (in syllables per second), standard deviations of periods (in cs), and 
jitter ratios of maximum repetitions of the utterance /ka/ produced by 11 dyspraxic 
children (DAS) and 11 children with normal speech (Normals), assessed through a 
manual and automated procedure.
DAS Normals
MRR SD Jitter ratio MRR SD Jitter ratio
Manual method 4.132 3.131 1.185 4.821 2.928 1.362
Automated method 4.109 3.473 1.306 4.804 2.946 1.386
Correlations 0.981 0.945 0.830 0.997 0.934 0.863
Discussion
The present study was aimed at the empirical determination of concurrent 
validity of a recently suggested system for the computer-assisted determination 
of MRR and variability. Overall, it can be said that both the accuracy and validity 
of automated MRR determinations was impressive, at least when compared to a 
thorough manual procedure. It would appear then, especially given the 
considerable gain in operation time, that the computerized automated alternative, 
at least for the utterances /pa/, / ta / and /ka/, is highly recommended as a 
replacement for manual methods. It makes possible, not only very accurate and 
reliable estimates of the client's MRR performance during diagnostic evaluations, 
but also repeated administration of these tasks throughout therapy. The latter has 
been suggested, for example, to examine the effects of newly introduced 
pharmacological agents to improve motor speech performance17.
Rosenfield, D. (1992). Personal communication (second author) at annual convention of 
ASHA, San Antonio.
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Although the accuracy of the measures of MRR variability, in absolute sense, 
was similar for the manual and automated -computerized- method, validity 
appeared to suffer somewhat when applied to the /p a p a p a ../  recordings 
obtained from children with developmental apraxia of speech. This reduced level 
of concurrent validity, compared to that obtained among the children with normal 
speech, may be explained because of the more variable quality and less secure 
productions among those with DAS. As compared to /ta / and /ka/, it often 
occurred that the plosive character of /p/ was not realized by the children with 
DAS, who instead produced a semivowel quality. Perhaps the differences 
between /p/ versus /t/ and /k/ can be explained by the fact that /p/ is dependent on 
initiating structure with more mass (e.g., Netsell, 199318).
As the data in Tables 1 thru 3 make evident, children with DAS tend to be 
somewhat slower and more variable in production than children with normal 
speech. Of course, the differences in concurrent validity may have been caused 
by differences in consistency in determining the actual syllabic onsets (and 
durations). Plosive bursts in /ka/ in particular have relatively high intensity 
levels. As a consequence, the moment of syllable onset, being defined as the 
onset of plosive burst energy, can be determined very accurately. No consistent 
differences in plosive burst intensity between /p a / and /ta / were observed. This 
may mean that computerized/automated methods do not compare to the accuracy 
of a thorough manual procedure. Future research is indicated to determine why 
measures of variability are less consistently determined by either the manual or 
automated procedures. Perhaps, this suggests the need for refining definitions of 
what need to be considered the syllabic onsets of productions such as used in the 
present study.
For clinical use, a commercial version of the computer-assisted procedure for the 
acoustic analysis of MRR is currently available. This reliable and valid procedure 
(i.e., Kay Motor Speech Profile, CSL, 1997) determines MRR in an efficient 
manner, although additional research is warranted to enlarge the normative data 
set. Moreover, to further increase reliability and validity it seems advisable to 
standardize the administration and recording procedures (Thoonen et al., 1996).
Netsell, R. (1993). Personal communication (second author).18
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Abstract
For a particular child, a multiplicity o f factors may underlie defective 
articulation. In order to assess the degree of involvement o f neuromotor, 
phonological and developmental factors, two procedures to obtain quantitative 
measures o f motoric and phonemic involvement in dysarthria and developmental 
apraxia of speech (DAS) are presented. The test procedures used were: 
maximum performance tasks (MPTs) and word and nonsense word imitation 
tasks. The analysis techniques consisted of acoustic analyses and broad phonetic 
transcription followed by automatic analyses o f error types. The results showed 
that dysarthria is mainly characterized by slowness and by a high proportion of 
distortions. DAS is characterized by a high error rate, sequencing problems and 
many errors o f place o f articulation; there are striking qualitative 
correspondences with speech errors ('slips o f the tongue) in the speech of 
children with normal speech. Comparison of these disorders suggests that 
children with defective articulatory development show individual degrees of 
dysarthric and dyspraxic involvement.
Introduction
In this thesis both speech and nonspeech tasks were utilized for the assessment of 
DAS in children. A combined use of nonspeech and speech tasks yield a profit to 
separate the contributions to DAS arising from the motor system from 
contributions to DAS from the linguistic system in children with defective 
articulatory development.
Two diagnostic procedures, to obtain quantitative measures of motoric and 
phonemic involvement in developmental apraxia of speech (DAS), were 
presented in the chapters 2 to 6 of this thesis. The effectiveness of word- and 
nonsense word imitation tasks in differential diagnosis was addressed in the 
chapters 2 and 3, whereas in the chapters 4 to 6 the use of maximum performance 
tasks (MPTs) was determined. This publication compiles both procedures of 
assessment and, moreover, reports the performances of a dysarthric subject group 
on word- and nonsense word imitation.
The studies in this thesis were motivated by the lack of an articulation test that 
yields a differential diagnosis of speech disorders in children. Aims and methods 
were explained in the foregoing chapters in a detailed manner. Although tests are 
available to assess aspects of articulation and speech motor capacities in children, 
to date, no tests exist that yield quantitative measures for "dysarthria", "apraxia 
of speech" or speech delay. In current clinical practice the speech pathologist not 
only must rely on evaluations of articulo-motoric aspects by means of perceptual 
judgments, but also must interpret scores and judgments on diverse aspects of 
speech to come up with a differential diagnosis.
Motivated by this state of affairs two research goals were formulated: (1) to 
quantify and objectify the assessment of aspects of speech that can be considered 
relevant symptoms for the diagnosis of articulation disorders; and (2) to obtain 
speech profiles which allow for a differential diagnosis, that is speech profiles 
that can be classified as being primarily related to developmental apraxia of 
speech (DAS), to (spastic) dysarthria (DysA), or to the broader category speech- 
language delay (SLD).
When starting the studies, the first issue that came across, was that it is hard to 
find children with 'pure' DAS, 'pure' DysA or 'pure' SLD. Instead, for most 
children the underlying deficit is not so much an all-or-none matter but a matter 
of degree of involvement. So the second aim of the study should be read as to 
obtain a speech profile which gives quantitative measures of apraxic, dysarthric 
and/or phonological involvement (see also Dodd, 1995; Shriberg, 1994).
Methods
Two studies are presented. In the first study (Study 1) performances of carefully 
selected children with DAS and DysA were compared with those of children 
with normal speech (Controls). In the second study (Study 2), the tasks that 
contributed most to diagnostic differentiation in the first study, were 
administered to larger groups of subjects, as well as a group of children with 
SLD.
Subjects
For the selection of children with DAS and DysA, the following criteria were 
employed. The criteria for DAS were derived from Hall, Jordan and Robin
(1993), and previously used in Thoonen, Maassen, Gabreels and Schreuder
(1994). The most important criteria for DAS were: persistent speech difficulty 
and unintelligibility; deviant rather than immature articulation; quality of 
articulation strongly dependent on length of utterance; seemingly inconsistent 
error patterns; and groping behavior. The criteria for DysA were derived from 
Darley, Aronson and Brown (1975), and previously used in Wit, Maassen, 
Gabreels and Thoonen (1993). The most important criteria for DysA were: 
quadriplegia due to cerebral palsy; slow speech rate; imprecise consonant 
production; hypernasality; and low and monotonous pitch. The groups of 
children participating in each of the two studies are characterized in Table 1.
Particularly in Study 2 it became obvious that DAS is a rare disorder in 
isolation. Sixty-four children were referred by speech pathologists with the 
diagnosis DAS. By means of anamnestic information (questionnaire filled out by 
teacher and parents) and a pre-test (articulation test and word and nonsense word 
repetition) evaluated by independent judges, 28 of these children were assessed 
as DAS. These children were administered an articulation test, a language 
comprehension test, and a neuropsychological examination. It turned out that 7 
children showed a delay of more than one standard deviation in language 
comprehension or intelligence, one child showed hearing loss, one child showed 
fluency problems, and one child rather severe concentration problems, such that 
of the originally referred 64 children, 18 could be classified as pure DAS.
This is not to say that the remaining children were not dyspraxic; however, 
they did not pass the criteria that are commonly used to make the clinical 
diagnosis DAS.
/T ab le  1.Ta  Characteristics ofchildren participating in each of the two studies.
Study 1 Study 2
Diagnosis N Age N Age
DAS 11 6;03- 7;09 18 4;11 6;10
--- --- 10a similar
DysA 9 6;04-10;03 --- ---
SLD --- — 23 4;06- 7;0
Control 11 6;00- 8;03 29 9;04; 6;10
Note: DAS = developmental apraxia of speech; DysA = (spastic) dysarthria due to cerebral palsy; 
SLD = speech-language delay; Control = normal speech; N = number of children; Age = age range 
expressed in years and months.
a Children in this group were diagnosed and referred as DAS, but obtained low language 
comprehension or intelligence scores
Tasks and Materials
Children were requested to produce real words and nonsense words. The real 
words were first elicited by means of picture-naming, immediately followed by 
imitation (experimenter speaks the word and the child imitates). Only the 
imitations were analyzed because the spontaneous picture naming procedure 
gave too many responses with a different word than the one intended. Nonsense 
words were also elicited by imitation. The use of an imitation task is motivated 
by the requirement of standardization; the ultimate aim is to come up with an 
articulation test.
For the maximum performance tasks (MPTs) children were requested to 
imitate the mono-syllabic sequences "papa.." , "tata.." , and "kaka.." and the 
multi-syllabic sequence "patakapataka ..." . After instruction and practice trials, 
at least 3 attempts were elicited. Because some children had difficulty with the 
task (particularly the multi-syllabic sequence) the number of extra trials was an 
additional assessment parameter (Thoonen, Maassen, Wit, Gabreels, & 
Schreuder, 1996). Also, the task maximum sound prolongation was administered 
(sustain the sounds /a/, /s/, and /z/ for as long as possible). Results are reported 
elsewhere (Thoonen et al., 1996). MPTs are generally considered to yield valid 
data for dysarthria or more generally motor speech involvement (Netsell, 1982).
Analysis procedure
The word and nonsense word imitations were broadly phonetically transcribed, 
followed by a quantitative analysis by means of the LIPP-program (Oller, 1991). 
The advantage of transcription analysis with LIPP is that once data have been 
typed in, frequency counts can be easily obtained, features can be isolated, and 
also analyses related to context (anticipations, perseverations, transpositions) can 
be performed.
The utterances from the MPTs were analyzed with help of the computerized 
speech lab (Kay-CSL). Onsets of all syllables were marked by interactive 
inspection of the acoustic signal and a semi-automatic procedure that calculated 
from these marks syllable durations, standard deviations and also the scanning 
index. The scanning index is an index of regularity between 0.0 and 1.0, which is 
independent of the unit of measurement, and which is defined as the product of 
all syllable durations divided by the mean syllable duration to-the-power-of the 
number of syllables (Kent, Kent, Weismer, & Rosenbek, 1994). The formula to 
calculate the scanning index is: (S1 * S2 * ... * Sn) /  (mean S) ** n. In this 
formula S1, S 2 ... Sn represent the syllable durations of the utterance; n represents 
the number of syllables in the utterance; mean S the mean syllable duration; and 
** represents to-the-power-of.
Results
Word and nonsense word imitation
Study 1 and 2. In Table 2 main error types are compared for children with 
dysarthria (DysA), DAS, and normal speech (Study 1). Children with DAS 
produce the highest error frequencies, followed by children with dysarthria and 
normal speech.
Children with dysarthria produce the highest proportions of distortions after 
correction for error rate. In Table 3 consonant substitutions are divided into 
substitutions by place of articulation, manner of articulation and voicing. 
Children with DysA produce relatively many voicing errors, whereas children 
with DAS produce relatively many place substitutions.
Table 2. Main error types produced by children with dysarthria (DysA) and DAS as 
compared to children with normal speech (Control).
Error Type Control DysA DAS
Substitutions 11.8 (0.67) 29 1 (0.48) 57.2 (0.58)
Omissions 3.8 (0.21) 13 6 (0.22) 24.3 (0.24)
Distortions 2.2 (0.12) 17 9 (0.30) 18.2 (0.18)
Note. Percentages of error types are expressed relative to the number of consonants in the material; 
for each error type between brackets its proportion (relative to the sum of error types) is given.\fo]
Table 3. Substitutions by feature: place o f articulation, manner of articulation and 
voicing for children with dysarthria (DysA) and DAS.
Feature DysA DAS
Place of articulation 33 % 58 %
Manner of articulation 27 % 43 %
Voicing 60% 41 %
TOTAL 120 % 132 %
Note. Substitutions by feature are expressed as percentages of the total number of consonant 
substitutions.\sul
Because the diagnosis DAS is particularly controversial, the next step in the 
analysis comprised a search for 'typical' apraxic (DAS) symptoms, that are often 
reported in literature. First, an in-depth comparison was made between the 
children with DAS and normal speech of Study 1 (see Table 1). Percentages 
retention were calculated by dividing the number of substitutions that are correct 
with respect to a particular feature or feature-value (but incorrect with respect to 
another feature or feature-value) by the total number substitutions (Thoonen et 
al., 1994).
The children with DAS and normal speech (Control), presented in Table 4, show 
striking similarities with respect to the feature place of articulation, as well as the 
distinct feature values (labial,alveolar,dorsal). The slightly lower percentage 
place retention of the children with DAS as compared to the children with
normal speech, might turn out a genuine effect, however, because a similar but 
larger difference was found between the children with SLD and DAS of Study 2, 
presented in Table 5 (differences in percentages can be the result of differences 
in speech material). The similarities across subject groups for manner of 
articulation (feature values: plosive, fricative, nasal, semivowel), and voicing 
(voice, voiceless) were even more striking in both studies.
^Table 4. Confusion matrices of place-of-articulation substitutions in Study 1. ^
DAS labial alveolar dorsal retention mean retention
labial 82 31 16 64 %
alveolar 36 116 40 60 % 54 %
dorsal 17 32 6 11 %
Control labial alveolar dorsal retention mean retention
labial 43 13 3 73 %
alveolar 6 28 8 67 % 59 %
dorsal 2 8 1 9 %
Note. The tables present confusion matrices of place of articulation substitutions. Only substitutions 
are presented, which are either correct (labial-labial, etc. on the diagonal) or incorrect (off-diagonal) 
with respect to place of articulation. For each particular place, dividing the correct cell by the
''Table 5. Confusion matrices o f place-of-articulation substitutions in Study 2. ^
DAS labial alveolar dorsal retention mean retention
labial 113 62 38 53 %
alveolar 104 91 55 36 % 38 %
dorsal 37 72 22 16 %
SLD labial alveolar dorsal retention mean retention
labial 118 26 19 72 %
alveolar 32 75 52 47 % 57 %
dorsal 10 19 18 38 %
Note. The tables present confusion matrices of place of articulation substitutions. Only substitutions 
are presented, which are either correct (labial-labial, etc. on the diagonal) or incorrect (off-diagonal) 
with respect to place of articulation. For each particular place, dividing the correct cell by the
The substitutions of Study 1 were also analyzed with respect to context. It turned 
out that de percentage of syntagmatic (as compared to paradigmatic) 
substitutions was similar -not significantly different- for DAS (64%) and 
Controls (59%).
Finally, similar distributions of substitutions and omissions over syllable-initial 
and syllable-final position were found across the DAS, SLD and Controls of 
Study 2. The results are presented in Figure 1. All three subject groups produce 
more substitutions in syllable-initial position, and more omissions in syllable- 
final position.
Conclusions imitation task. In this extensive comparison of error profiles of 
DAS, SLD, DysA and Controls, we first found large quantitative differences 
between groups: children with DAS producing the highest error frequencies, 
followed by children with SLD and DysA, and children with normal speech. 
Children with dysarthria can be distinguished on the basis of the high proportion 
of distortions. There is a tendency for children with DAS to produce a relatively
high number of place of articulation errors. The remaining comparisons, 
particularly with respect to context, syllable position and feature value, revealed 
striking similarities between subject groups.
Maximum performance tasks (MPTs)
In Figure 2 maximum repetition rates of children with DAS, dysarthria and 
normal speech are presented (Study 1). Children with dysarthria produce overall 
the slowest repetition rates. Children with DAS are similar to Controls (normal 
speech) with respect to the mono-syllabic sequences, but have difficulty 
producing the multi-syllabic sequence (4 out of 11 children failed) and, if they 
are able to produce these, they produce them slower. In Study 2, with younger 
age groups, all children produce the multi-syllabic sequences slower than the 
mono-syllabic sequences. The differentiation between pathological groups and 
control group can be based on overall syllable repetition rate (DAS and SLD are 
slower than controls) and the relative numbers of children that are able to 
produce the multi-syllabic sequences (controls: 22 out of 25 ; DAS: 9 / 25 ; SLD: 
11 / 23).
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Figure 2. Maximum repetition rates of children with normal speech (Control), 
developmental apraxia of speech (DAS), spastic dysarthria (DysA) and speech- 
language delay (SLD) for mono-syllabic and multi-syllabic sequences.
Note. For Study 1 "papa,,, tata,,, kaka,," are presented separately; for Study 2 only 
the overall means of monosyllabic sequences are presented.
Subgroups ofSLD
The similarities in relative error frequencies and repetition rates between children 
with DAS and SLD suggest similarities in underlying deficit. Perhaps some 
children with SLD also have speech problems which are of a dyspraxic nature. In 
an attempt to answer this question, the children with SLD were divided into two 
groups: (1) children with SLD who could produce the multi-syllabic sequence of 
"pataka..." five times in succession (SLD+ children: n=11); and (2) children 
with SLD who could not produce a multi-syllabic sequence of "pataka..." five 
times in succession (SLD- children: n=12). Difficulties in sequencing on tasks of 
oral diadochokinetic rates is often used as a selection criterion in studies of DAS 
(Aram & Horwitz, 1983; Crary, 1984; Ekelman & Aram, 1984) and mentioned 
as a core characteristic of DAS (Hall et al., 1993).
The results, presented in Figure 3, illustrate that the error profile of children with
error
Control □
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Figure 3. Comparison o f consonant error percentages for SLD and DAS children; both 
subject groups divided into those able to produce "pataka..." (SLD+, n=11 and DAS+; 
n=9) and those not able to produce "pataka..." (SLD-; n=12 and DAS-; n=17).
Note. SubAll = overall percentage substitutions (relative to number of consonants); 
SubPlace, SubManner, SubVoice = percentage substitutions by place of articulation, 
manner of articulation and voicing (relative to number of substitutions).
m
SLD- (those who were not able to produce "patak a ...”) is more similar to that of 
children with DAS than the error profile of children from the SLD+ group.
The observed differences between both DAS groups are rather small. The 
children with normal speech are shown as reference. From these results it can 
provisionally be concluded that among the children with SLD about 50% shows 
clear dyspraxic characteristics.
Conclusion
In this study the performances of different subject groups were compared on two 
standardized test procedures [(1) real word and nonsense word imitation and (2) 
maximum performance tasks] for differential diagnosis. Aims of the study were 
twofold: (1) quantification of speech characteristics that can be considered 
relevant for the diagnosis of articulation disorders in children, and (2) to obtain 
speech profiles which allow for a differential diagnosis.
To summarize the results, it was found that children with spastic dysarthria 
(DysA) produce slower speech, with relatively many distortions and voicing 
errors. Children with developmental apraxia of speech (DAS) have difficulty 
producing alternating sequences of syllables, and produce the highest error rates 
with relatively many errors of place of articulation. A striking result was the 
similarities in error profile between children with DAS and normal speech 
(Controls). Performance of children with speech-language delay (SLD) were in 
between those of the DAS and Control groups. The division of children with 
SLD into two subgroups on the basis of their capabilities of producing a correct 
multi-syllabic sequence, showed that those children with SLD who are not able 
to produce rapid sequences of "pataka..." produce similar error profiles as the 
children with DAS.
In clinical practice, most children with articulation disorders show a mixture of 
problems. Assessing the degree of involvement of dysarthria, apraxia of speech 
or just developmental delay yields guidelines for an individualized, goal-directed 
speech therapy program.
CHAPTER 9
GENERAL DISCUSSION 
AND
FUTURE PERSPECTIVES

Background of thesis
The aim of this thesis was to investigate principles and components for the 
quantitative assessment of speech-motoric capacities of school-aged children (6­
8 yrs.), in particular of children with developmental apraxia of speech (DAS). In 
this chapter, some implications of the findings are discussed, particularly with 
respect to (a) the specificity of speech characteristics as signs of DAS, (b) 
theoretical implications regarding the deficits in speech processing underlying 
DAS and (c) future perspectives towards test construction and treatment.
This study investigated the significance of a standardized assessment procedure 
for speech that involved quantitative measures of speech which are specific to 
DAS. The term “DAS” (or “DVD”), used throughout this study, refers to speech 
characteristics resulting from deficits at particular levels in speech production. 
Although other deficits than those related to speech processing may co-occur 
with DAS (e.g., (oro)motor-, cognitive-, language- and academic problems), we 
followed Ozanne (1995) in emphasizing that DAS primarily results from deficits 
in phonological planning, phonetic program assembly and implementation 
(similar stages in speech production were distinguished in the model proposed by 
Levelt, 1989). As a consequence of viewing DAS as a speech disorder, the 
language symptoms often associated with DAS were considered to be secondary 
symptoms.
Quantification of speech characteristics
The main motives for this study arose from the lacunas in clinical assessment 
experienced by speech-language pathologists and therapists who deal with 
children with speech disorders that are difficult to manage in an outlined fashion. 
An inventory by St. Louis and Durrenberger (1992) among speech-language 
pathologists revealed that apraxia of speech in children is rated as one of the least 
favorite types of articulation disorder to manage due to little clinical experience 
in assessment and treatment. In clinical descriptions of developmental apraxia of 
speech (DAS) quantitative data on speech characteristics are not commonly 
reported. No published tests or standardized assessment procedures exist to 
assess developmental apraxic characteristics in speech or to establish a 
differential diagnosis of DAS other than procedures using observations or 
questionnaires. Through the absence of objective criteria, a diagnosis of DAS is 
often based on clinical impressions. The criteria which lead to a subjective 
judgment are difficult to explicate due to several factors, e.g., skill of the 
clinician and referential knowledge. Moreover, clinicians will largely differ on
the weights assigned to the different speech characteristics they perceive. 
Therefore, the relative contribution of particular aspects of speech behavior to the 
final diagnosis remains unclear. Judgments based on clinical impressions, 
moreover, prevent an exact (objective) determination of DAS along a continuum 
of severity during a developmental period.
The studies reported in this thesis aimed to tackle these differential diagnostic 
problems in clinical practice by using quantitative measures of speech. 
Quantification (e.g., error counts) can reveal the relative contribution of speech 
symptoms to the diagnosis of DAS in an objective and reproducible manner. 
Moreover, quantitative measures are useful to assess the severity of the disorder. 
In management, quantitative measures will make treatment efficiency more 
explicit and incorporate major reference points for remediation.
Specificity of speech characteristics
The measures of speech used for quantification in this study, were derived from a 
subset of speech characteristics most commonly reported in the literature as 
essential factors in the diagnosis of DAS (Hall, Jordan & Robin, 1993; Murdoch, 
Porter, Younger & Ozanne, 1984; Ozanne, 1995; Pollock & Hall, 1991; 
Stackhouse, 1992; Velleman & Strand, 1994; Williams, Packman, Ingham & 
Rosenthal, 1980). The following speech characteristics were used for 
quantification: deviant production of consonants, specific feature substitutions, 
groping behavior, inconsistent articulation, difficulties in sequencing 
phonemes/syllables, slow syllable repetition rates (poor diadochokinesis), 
instability of repetition rates and limited sound prolongation19.
The results of this study are summarized in Table 1. The significance of each 
speech characteristic and its associated quantitative measure(s) as a clinical sign 
for DAS is indicated.
19 This speech characteristic is seldom mentioned in reference with DAS.
s'
Table 1. Quantitative measures o f speech referring (signs) and not referring (no 
to developmental apraxia o f speech (DAS)
> signs)
Speech characteristic Quantitative measure
DAS 
sign no sign
deviant production (a)
♦  of singleton consonants ■ substitution
■ omission
■ distortion
/
/
/
♦  of consonant clusters ■ reduction
■ omission
■ conflation
/
/
/
specific feature substitutions(a)
♦  of singleton features ■ % place substitutions
■ % manner substitutions
■ % voicing substitutions
/
/
/
♦  of multiple features ■ % substitutions 
(combinations of 
place, manner and voicing) /
groping behavior ■ # of dysfluencies
■ # of nonfluent additions
/
/
inconsistent articulation (b) ■ variable feature-value 
substitutions /
difficulties in sequencing 
phonemes /  syllables
consonant assimilations (a)
■ incorrect /pataka/ sequence
/
/
slow syllable repetition rates ■ monosyllabic sequences
■ trisyllabic sequences /
/
instability of repetition rate intra-utterance variability 
inter-utterance variability
/
/
limited sound prolongation ■ phonation duration
■ fricative duration /
/
Note. relative error frequencies were used for the diagnosis of DAS 
(b) considered to be variable realization of consonants
Of the listed speech characteristics which are generally associated with DAS, 
seven measures derived from six characteristics proved to be valid indices for 
DAS on a quantitative basis. This observation remained valid even after a 
correction for error rate (i.e., relative error frequencies) and a comparison with 
other subject groups with speech disorders. In contrast to expectation based on 
clinical impression, three characteristics often associated with DAS (i.e., groping
behavior, syntagmatic errors, instability of repetition rate) were not found to be 
uniquely descriptive for DAS. The results indicated that although the clinical 
(subjective) impression of DAS did comprise features such as “dysfluency” and 
“irregularity”, these features were not characteristic for DAS in the sense that 
their relative frequency (as compared to other error types) was particularly high 
in DAS (as compared to other speech pathologies). Consequently, these features 
proved to be of minor importance for the differential diagnosis. Voicing errors, 
also frequently associated with DAS, could not be determined objectively as core 
characteristics of DAS in comparison with the performance of subjects with 
normal speech.
Two speech characteristics (i.e., inconsistency in speech production and 
sequencing difficulties) could be quantified by specific measures in an 
unambiguous manner. Inconsistency in speech production, defined as producing 
variable realizations of specific consonants, could be quantified by high 
frequencies of variable substitutions of place of articulation. Sequencing 
difficulties became manifest in several measures applied in this study. This 
characteristic can therefore be considered as a major characteristic of DAS and 
can be accurately substantiated by slow repetitions of trisyllabic sequences 
(criterion: < 3.4 syll./sec.). However, in order to use this single measure as a 
valid criterion for the differential diagnosis, additional measures are needed. Low 
repetition rates of trisyllabic sequences can be explained by deficits in speech 
motor planning (DAS) or from deficits in the execution of a motor program 
(dysarthria). In order to distinguish the source of deficits, other contrastive 
measures are required. A comparison of DAS with other subject samples who 
had speech disorders indicated that a low syllable repetition rate was only a 
differential diagnostic symptom for DAS if slow trisyllabic repetitions co­
occurred with moderate to fast monosyllabic repetition rates. In other words, in 
the case of maximum repetition rates not absolute, but relative speech 
performances must be assessed.
Another speech pattern based on subject group comparisons that proved to be a 
specific sign of DAS was characterized by small differences in error rates in 
(unfamiliar) nonsense word imitation and (familiar) word imitation. This finding 
indicates that speech production of DAS is relatively insensitive to the lexical 
status of speech stimuli.
The results of this study are of importance for the construction of a speech- 
motoric assessment tool. The most important components (measures) that have 
to form part of such an instrument are: (a) relative frequencies of consonant 
substitution in words and nonsense words; (b) relative frequencies of place
substitutions; (c) patterns of preferences in feature-value substitution; (d) 
maximum repetition rates (i.e., oral diadochokinesis); (e) maximum fricative 
duration. Particularly the first two measures (i.e., proportion consonant 
substitutions and place substitutions) proved their diagnostic value for 
distinguishing severe expressions of DAS from mild expressions.
Theoretical implications
Although the aim of this study was to improve clinical assessment, the results 
also have theoretical implications. The speech characteristics that proved to be 
valid, quantitative indices of DAS could be interpreted as deficits in 
phonological encoding and motoric programming. However, the available data 
are by no means conclusive and therefore other interpretations are possible. In 
order to achieve greater insight into the exact nature of DAS, further studies are 
required. For this, particular speech material must be developed, speaking 
conditions and control conditions must be systematically varied to be able to 
trace the observed speech characteristics back to deficits in phonological 
planning, phonetic planning, articulatory programming and/or program 
execution.
Recently, a longitudinal project has been started in which the role of the 
syllable in the development and maintenance of children with DAS is studied. 
The hypothesis is that children with DAS are deficient in the acquisition of a 
'syllabary' (Levelt & Wheeldon, 1994): the speaker’s repertoire of gestural 
representations (motoric patterns) of syllables. Experimental manipulations 
include syllable frequency and syllable boundary. Preliminary results indicate 
that children with DAS show different and more variable coarticulation patterns, 
consisting of decreased intrasyllabic coarticulation and increased intersyllabic 
coarticulation as compared to 5-year-olds with normal speech (Boers, Maassen,
& Thoonen, 1995a, 1995b; Boers, Maassen, & Vander Meulen, 1996; Tissen, 
Maassen, & Vander Meulen, 1997). More results and speaking conditions must 
be analyzed to determine at which processing level the major deficits are 
localized.
Clinical implications
Test construction
Over the past few decades several tests have been developed (Blakely, 1980; 
Kaufman, 1995; Milloy, 1990) to assess DAS, but several of these tests are not 
(fully) standardized and therefore lack the ability to achieve objective judgments. 
The most elaborate Dutch assessment instrument for DAS, which forms part of
the Dyspraxia Programme (Erlings-van Deursen et al., 1993a) and has proven its 
clinical value, shows overlap in several aspects and is more broadly oriented than 
the assessment procedure used in the present study, but the procedures applied in 
the Dyspraxia Programme do not yield quantitative indices to the same degree. 
To further elaborate, standardize and validate the assessment procedures used in 
the present study, several studies (Bens et al., 1996; Van den Broek et al., 1997) 
have recently been conducted at the University Hospital of Nijmegen 
(Department of Child Neurology) in collaboration with the University of 
Professional Education Arnhem-Nijmegen (Faculty of Speech Therapy). These 
research activities will be continued in the near future. A major issue in further 
developments is to extend the age range of children that can be tested.
Treatment
Over the past 25 years a number of different approaches to the treatment of DAS 
in children have been developed (reviewed by Hall et al., 1993; McNeill, Robin, 
& Schmidt, 1997), usually based on principles of motor control and learning 
(e.g., Nuffield Dyspraxia Programme). Preliminary clinical experience with using 
a treatment program for Dutch-speaking children (Dyspraxia Programme20; 
Erlings-van Deursen et al., 1993b) indicates that this program is effective for the 
treatment of speech characteristics that are specific for DAS. This training 
approach incorporates various sorts of sound, syllable and word drills. As 
syllables are the basic building blocks of speech, the dyspraxia program 
comprises the training of syllables.
'Pure' DAS is a rare disorder. Firstly, many children with DAS also have 
problems in other domains of language and speech development, fine motor 
development, or learning; some children experience sensory-related deficits 
besides DAS. Secondly, an important finding in this thesis was, that the typical 
speech characteristics of DAS also occurred to a lesser extent in some groups of 
children with other speech disorders. Recognizing the risk of circularity in 
diagnostic reasoning, our preliminary conclusion is that dyspraxic involvement 
can be suspected in these children. These two aspects of clinical reality: 
concomitant deficits in children with DAS and dyspraxic involvement in children 
with other speech disorders, call for individualization of treatment plans. Instead 
of treating all children within a particular diagnostic category with a particular 
program, the application of a more eclectic approach in which children are 
treated according to their individual needs, is supported by the present study. 
Objective and quantitative assessment of speech problems, resulting in a so-
This treatment program is based on the Nuffield Programme (Connery, 1984).20
called speech profile, thereby forms an important starting point for designing an 
individualized treatment program, for communication among therapists and for 
the evaluation of treatment results.
Final remarks
The studies in this thesis have yielded information about speech characteristics 
that can serve as valid indices of developmental apraxia of speech in children and 
procedures to assess these characteristics on an objective and quantitative level. 
The speech disorder DAS not only forms a severe handicap for the child, an 
obstacle against developing his or her full potential in society, but also 
constitutes a difficult challenge for speech-language therapists: DAS is 
notoriously resistant to treatment. The perseverance and creativity of those 
involved are certainly put to the test. The children in question, their parents, 
therapists and teachers deserve the further pursuit of research to improve 
treatment and assessment. In turn, this requires deeper theoretical insight into the 
underlying nature of DAS.
In clinical practice, the typical speech characteristics of DAS only seldom 
become manifest in their pure form. Most often, as one of the results of this 
thesis indicated, DAS co-occurs to a lesser extent in some groups of children 
with other speech disorders. A quantitative speech profile determines the extent 
to which apraxia plays a role in the speech problems of a particular child and 
thus yields guidelines about the extent to which a treatment approach oriented 
towards developmental apraxia of speech is indicated. Many more children than 
the one to two promille with 'pure' DAS, who suffer from speech and articulation 
problems, will probably benefit from the developments in dyspraxia research.
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SUMMARY
Research into neurogenic speech disorders has its roots in the medical disciplines 
and rehabilitation clinics. Developmental apraxia of speech (DAS) in children is 
a speech disorder, supposed to have a neurological origin, which is commonly 
considered to result from particular deficits in speech processing (i.e., 
phonological planning, motor programming). The definitions and speech 
characteristics associated with DAS are primarily based on research into adults 
with acquired apraxia of speech. From a review of diagnostic symptoms, signs 
and criteria used in clinical practice and comparative studies, Guyette and 
Diedrich (1981) concluded that there is insufficient evidence to distinguish DAS 
from other childhood communication disorders. As a consequence, the label 
DAS has often been used as a ‘catch-all’ diagnosis owing to imprecise 
delineation and a confusing overlap of conditions. The diagnosis of DAS has 
been established more often by what it is not than by the presence of specific 
speech symptoms or a cluster of symptoms. In reply to this critical note, many 
researchers and speech-language pathologists have focused clinical and research 
efforts on the assessment, nature and treatment of developmental apraxia of 
speech (DAS). The efforts oriented towards a description of the symptomatology 
of DAS have resulted in the following cluster of speech behaviors: deviant 
speech sound production, inconsistency in articulation, groping and trial-and- 
error behavior and sequencing difficulties with phonemes and syllables. 
However, from a clinical perspective, diagnostic procedures which enable to 
assess the speech characteristics of DAS in an objective manner, and to 
subsequently establish the underlying speech impairment, have been relatively 
underexposed.
Motivated by this state of affairs, the main goal of this thesis (as presented in 
Chapter 1) was to develop appropriate diagnostic assessment procedures in order 
to identify speech characteristics specific for DAS in children. More explicitly, 
the main objectives of this study were: (1) to develop a diagnostic procedure 
which yields objective, quantitative measures for speech and speech-motoric 
capacities of relevance for the diagnosis of DAS and (2) to develop procedures of 
classification, based on quantitative measures, to differentiate DAS from other 
childhood communication disorders. In the light of the latter objective, 
quantitative measures, usable to make a differential diagnosis, were re-examined 
regarding their validity for the assessment of the degree of dyspraxic 
involvement (i.e., severity of DAS).
Chapter 2 describes the main principles underlying a standardized assessment 
procedure for developmental apraxia of speech (i.e., objectivity and 
quantification) and addresses the methodological problem of subject selection. 
The importance of a homogeneous subject group is underlined and furthermore 
the selection procedure to reach this standard is explained in detail. Comparative 
data on word- and nonsense word imitation in children with ‘pure’ DAS and 
children with normal speech revealed that the percentages of single consonant 
and cluster errors (i.e., substitution, omission, distortion, reduction) were much 
higher in each child with DAS than in children with normal speech. Moreover, 
children with DAS also produced higher rates of dysfluencies and fluent 
additions than children with normal speech especially during word imitation. The 
error patterns encountered in DAS were generally in accordance with previous 
descriptions of other DAS populations in the literature. Based on these findings 
the standardized procedure of speech elicitation and analysis of real word and 
nonsense word imitation could be validated as an adequate procedure to 
objectively measure relevant speech characteristics of DAS.
Based on a comprehensive assessment of all possible error types (Chapters 2 and 
3), the speech of children with DAS and children with normal speech were 
compared in order to determine whether errors in the observed speech patterns 
might be specific for DAS. The analyses showed that seemingly qualitative 
differences disappeared when the error rate was accounted for. Striking 
similarities in error patterns were found between children with DAS and those 
with normal speech for (a) relative frequencies of distortion and omission rates; 
(b) relative frequencies of cluster reduction and other cluster errors; (c) relative 
frequencies of dysfluency and addition rates; (d) relative frequencies of single 
and multiple feature errors; (e) relative frequencies of anticipation and 
perseveration errors.
Two diagnostically relevant speech characteristics for DAS emerged from this 
study, namely (a) relatively high frequencies of place substitution as compared to 
manner and voicing and (b) high substitution rates independent of the word type. 
The latter, qualitative difference between subject groups emerged from the 
comparison of error rates in words and nonsense words. The observed pattern of 
much smaller differences in error rate between words and nonsense words in 
children with DAS compared to the normal children indicated that children with 
DAS did not profit from familiarity with the words to the same extent as the 
normal children. This reduced effect of lexical status on speech production in 
DAS suggests that the speech disruptions in DAS originate from production 
stages after lexical retrieval, that is, phonological encoding and motor
programming. Additional support for this notion was found in the similarity 
between speech disruptions observed in DAS and "slips of the tongue" observed 
in normal speech; this similarity concerned relative error frequencies and 
dysfluencies, and similar effects of syllable structure on error pattern.
Severity of dyspraxic involvement, which is an underexposed issue in the 
literature on DAS, was also addressed in Chapters 2 and 3. Some speech 
characteristics, selected as useful for making a differential diagnosis, were 
correlated with severity ratings of DAS as judged by experienced speech 
language pathologists. Highly positive correlations reported for the measures 
‘consonant substitution’ and ‘cluster reduction’ validated error counts as an 
index for the degree of dyspraxic involvement and yielded a quantitative and 
objective measure of severity. In clinical practice, combined scores of particular 
speech characteristics turned out to be adequate measures for determining the 
severity of DAS, in which the percentage of place substitution formed an 
essential component.
Chapters 4 and 5 report the assessment measures from maximum performance 
tasks (MPTs). A comparison of children with spastic dysarthria and children with 
normal speech (Chapter 4) revealed that dysarthric children produced shorter 
sustained sounds and sound sequences, a more restricted fundamental frequency 
range and produced lower and more variable syllable repetition rates. On the 
basis of the combined scores (i.e., composite z-scores), spastic dysarthric 
children could be distinguished from normal children. Dysarthria appeared to be 
a very strong factor and accounted for most of the intersubject variability. The 
differential diagnostic power of MPTs, despite large intrasubject and intersubject 
variability in both the normal and pathological speakers, justified the conclusion 
that measures of maximum performance form a valuable contribution to 
diagnosing spastic dysarthria.
In Chapter 5, MPTs were assessed with regard to their power to differentiate 
clear cases of developmental apraxia of speech, spastic dysarthria and normal 
speech. The results of this study revealed considerable overlap between the 
distributions of performance on single measures of MPTs. Some dysarthric 
children even outscored some of the normal children on measures of maximum 
repetition rate. Combination of MPT measures, however, made an important 
contribution to distinguishing disordered speech from normal speech, as well as 
to differentiating between dysarthria and DAS. First, short periods of phonation 
in combination with a slow maximum repetition rate could be considered as a 
sign of dysarthric involvement. Second, difficulties in sequencing speech
movements was an important diagnostic sign of DAS. The results illustrated that 
diagnostic differentiation of subject groups, initially based on perceptual 
evaluation of speech characteristics, can be objectified and quantified by means 
of a relatively small set of MPTs.
In Chapter 6 the clinical validity was evaluated of the diagnostic procedure based 
on maximum performance tasks (MPTs) for the assessment of motoric 
involvement in speech problems of school-aged children, using newly selected 
cases with pure and mixed speech-language disorders of moderate severity. The 
results indicated that the validity, expressed in sensitivity and specificity, of the 
diagnostic procedure was high when compared to clinical judgments. In 
particular, a slow monosyllabic repetition rate proved to be a powerful sign of 
dysarthric involvement, irrespective of the degree of severity or ‘purity’ of the 
disorder. Difficulties in sequencing speech movements proved to be a sensitive 
measure for dyspraxic involvement. Moreover, the MPT measures indicated that 
dyspraxic or dysarthric involvement was often present in children with a non­
specific speech disorder. Despite the overlap in speech symptomatology, MPT 
yielded accurate indices of the primary speech deficits.
Chapter 7 addressed the concurrent validity of a computer-assisted system for the 
determination of maximum repetition rate (MRR, also called diadochokinesis). A 
comparison of a manual method (such as described in the Chapters 5 and 6) and 
a computerized automated method, revealed that the accuracy and validity of 
automated determination of MRRs was high. Moreover, given the considerable 
gain in operation time, the automated method will be of practical use in speech 
motor assessment. By now, a commercial version of the computer-assisted 
procedure for acoustic analysis of MRR has become available. This computer 
program (i.e., Motor Speech Profile, CSL, 1997) can be employed in clinical 
practice, although additional research is needed to enlarge the normative data 
set.
In Chapter 8 the performance of several subject groups on word- and nonsense 
word imitation and maximum performance tasks was compared. The results of 
this comparative study indicated that there was no single speech symptom to 
differentiate DAS from other speech-language disorders. However, in children 
with ‘pure’ DAS several speech symptoms were prominent. Furthermore, the 
results suggested that more groups of children with speech-language disorders 
exhibit problems reflecting dyspraxic involvement. The results of this 
comparative study substantiated the generalizability of the diagnostic procedures 
and thereby promote their use in clinical practice.
In Chapter 9 the main results of this thesis are summarized and discussed. The 
main topics addressed in this chapter are (a) the specificity of the speech 
characteristics as signs of DAS, (b) interpretation of the research findings 
towards the underlying deficit(s) of DAS and (c) some future perspectives in 
experimental research and clinical assessment.
SAMENVATTING
(summary in Dutch)
Het bestaan van spraakontwikkelingsdyspraxie (SOD) als een specifieke 
spraakstoornis bij kinderen wordt in de klinische (logopedische) praktijk 
algemeen onderkend. Het inzicht in de aard van de problematiek alsmede de 
verschijningsvormen blijven evenwel uitzonderlijk gebrekkig. Het merendeel van 
de definities en spraakkenmerken die in de literatuur worden genoemd zijn 
gebaseerd op onderzoek bij volwassenen met verworven spraakapraxie. Een 
toenemende vraag vanuit het werkveld naar eenduidige criteria ter typering van 
SOD bij kinderen is duidelijk waarneembaar. Dit is geenszins verwonderlijk daar 
een verbetering van de diagnose, in termen van objectiviteit en kwantificering, 
een noodzakelijke voorwaarde vormt om te komen tot verhoging van de 
specificiteit en de effectiviteit van de therapeutische interventie.
In het algemeen wordt spraakontwikkelingsdyspraxie bij kinderen gedefinieerd 
als een spraakstoornis in de fonologische planning en/of motorische 
programmering van de articulatorische doelposities en sequenties, mogelijk ten 
gevolge van een lesie in het corticaal-motorisch spraakcentrum. De differentiaal 
diagnostiek van spraakontwikkelingsdyspraxie ten opzichte van andere taal- en 
spraakstoornissen, zoals vertraagde taal/spraakontwikkeling en dysartrie, is een 
lastige onderneming ten gevolge van de gradatie in ernst, de grote overlap in 
verschijningsvormen en het ontbreken van objectieve, gestandaardiseerde 
onderzoeksmethoden (tests). Doel van dit onderzoek was om 
onderzoeksprocedures te construeren waarmee, op basis van gestandaardiseerde 
perceptieve beoordelingstechnieken en akoestische metingen, een aantal 
diagnostische criteria kan worden afgeleid die een nauwkeurige en objectieve 
typering van spraakproblemen bij kinderen mogelijk maken. Een tweede 
doelstelling was op basis van de gekwantificeerde karakterisering van 
spraakontwikkelingsdyspraxie het inzicht te vergroten in de aard van de 
onderliggende problematiek in termen van niveau(s) in de spraakproductie waar 
de problemen zich manifesteren (bijvoorbeeld op fonologisch, fonetisch of 
motorisch niveau).
Guyette en Diedrich (1981) kwamen op basis van een literatuurstudie tot de 
slotsom dat de veelal genoemde diagnostische spraaksymptomen en criteria van 
spraakontwikkelingsdyspraxie (SOD) te weinig specifiek zijn om SOD van
andere spraakstoornissen bij kinderen te differentieren. Als reactie hierop is in de 
daaropvolgende jaren in toenemende mate onderzoek verricht dat tot doel had de 
diagnostiek van SOD te verbeteren. De resultaten van dit onderzoek bestonden 
uit een karakterisering van de meest typerende spraakkenmerken van SOD: 
afwijkende klankproductie, inconsistente foute in de articulatie, zoekende 
articulatiebeweging (zogenaamde “groping”) en problemen met het ordenen van 
fonemen en syllaben. Deze karakterisering bleef echter beperkt tot een 
subjectieve beschrijving van de spraak. Er werden relatief weinig pogingen 
ondernomen om objectieve criteria op te stellen en vervolgens procedures te 
ontwikkelen waarmee kan worden bepaald of een kind aan de gestelde criteria 
voldoet.
Deze lacunes in de diagnostiek van SOD waren de aanleiding tot het 
verrichten van het onderzoek zoals gerapporteerd in dit proefschrift. De primaire 
doelstelling van deze studie, zoals geformuleerd in Hoofdstuk 1, was het 
ontwikkelen van een diagnostische procedure die het mogelijk maakt om de 
specifieke spraakkenmerken van SOD in kinderen te kunnen bepalen. Nader 
gepreciseerd zijn de volgende twee subdoelen te onderscheiden: (1) het 
ontwikkelen van een diagnostische procedure waarmee de spraak(motorische) 
vaardigheden van kinderen op een objectieve en kwantitatieve wijze kunnen 
worden gemeten en (2) het ontwikkelen van procedures voor diagnostische 
classificatie waarmee op basis van kwantitatieve spraakmetingen SOD kan 
worden onderscheiden van andere spraakstoornissen bij kinderen. De vanuit 
differentiaal diagnostisch oogpunt relevante spraakmetingen zijn bovendien 
getoetst op hun waarde ter vaststelling van de ernst van SOD.
In Hoofdstuk 2 worden de basisprincipes (o.a. objectivering en kwantificering) 
van de gestandaardiseerde diagnostische procedure voor SOD nader toegelicht 
alsmede de methodologische knelpunten bij het selecteren van 
onderzoeksgroepen. De procedure van subject-selectie wordt gedetailleerd 
besproken waarbij met name het samenstellen van homogene (“zuivere”) 
onderzoeksgroepen een centrale plaats inneemt. In het gerapporteerde onderzoek 
worden de prestaties op nazegtaakjes (betekenisvolle en betekenisloze woorden) 
van kinderen met duidelijke manifestaties van SOD vergeleken met normaal- 
sprekende kinderen. De onderzoeksresultaten tonen aan dat de percentages 
consonant (cluster) afwijkingen (o.a. substituties, omissies, distorsies en 
reducties) bij kinderen met SOD beduidend hoger liggen dan bij normaal- 
sprekende kinderen. Bij het nazeggen van woorden vallen de hoge frequenties 
van niet-vloeiendheden en ononderbroken addities bij kinderen met SOD op. De 
vastgestelde foutenpatronen voor SOD waren in grote lijn vergelijkbaar met 
reeds eerder beschreven spraakkarakteristieken van SOD in internationale
publikaties. Deze gegevens vormden hiermee een solide onderbouwing voor de 
geldigheid van de voorgestelde gestandaardiseerde, diagnostische procedure ter 
bepaling en analyse van dyspraktische spraakkenmerken.
Om te kunnen bepalen in hoeverre de vastgestelde spraakfouten bij kinderen met 
SOD als specifiek zijn te duiden, werden alle mogelijke typen spraakafwijkingen 
van SOD vergeleken met die van normaal-sprekende kinderen (Hoofstukken 2 en 
3). De onderzoeksgegevens toonden aan dat schijnbare, kwalitatieve verschillen 
tussen beide onderzoeksgroepen ontstaan omdat kinderen met SOD méér 
spraakfouten maken. Indien voor foutenfrequentie werd gecorrigeerd verdwenen 
de meeste kwalitatieve groepsverschillen. Opvallende overeenkomsten in 
foutenpatronen werden aangetroffen voor (a) relatieve aantallen omissies en 
distorsies, (b) relatieve aantallen cluster reducties en overige afwijkingen in 
clusterrealisaties, (c) relatieve aantallen niet-vloeiendheden en addities, (d) 
relatieve frequenties van enkelvoudige en meervoudige afwijkingen in realisatie 
van fonetische kenmerken en (e) relatieve frequenties van anticipatoire en 
perseveratoire fouten in de klankproductie.
Een tweetal kenmerken in de spraakproductie van SOD waren evenwel 
opvallend te noemen in vergelijking tot normale spraak, (a) hoge frequenties 
m.b.t. plaats-van-articulatie in vergelijking tot wijze-van-articulatie en 
stemgeving en (b) hoge aantallen substituties bij betekenisloze én betekenisvolle 
woorden. De observatie dat kinderen met SOD bij beide woordtypen veel 
spraakfouten produceren terwijl normaal-sprekende kinderen alleen met de 
betekenisloze woorden moeite hebben, toont aan dat kinderen met SOD minder 
voordeel hebben van het feit dat een uiting een bekend woord is. De beperkte 
invloed van de lexicale status op spraakproductie in SOD vormde evidentie voor 
de hypothese dat de verstoringen in spraak zich afspelen in een stadium na 
lexicale selectie dus in de stadia van fonologische encodering en/of motorische 
planning. De observatie dat de spraakafwijkingen in SOD een sterke gelijkenis 
vertoonden met “slips of the tongue” zoals die kunnen voorkomen in 
articulatorisch complexe uitingen van normale sprekers, vormde een extra 
ondersteuning voor eerder genoemde hypothese. Andere aanwijzingen waren de 
overeenkomst in spraakkarakterisering tussen SOD en normale spraak qua (a) 
relatieve foutenfrequenties, (b) aantal niet-vloeiendheden en (c) de rol van 
syllabe-structuur in spraakproductie.
In Hoofdstuk 2 en 3 wordt nader ingegaan op de ernst van SOD binnen de totale 
spraakproblematiek, omdat dit onderwerp in de onderzoeksliteratuur 
onderbelicht is gebleven. Daartoe werden enkele spraakkenmerken, indicatief
voor SOD, gecorreleerd met oordelen over de ernst van de spraakstoornis 
afkomstig van ervaren logopedisten. Hoge positieve correlaties tussen oordelen 
van ernst en frequentie van fouten van bepaald typen toonden aan dat met name 
consonant substituties en cluster reducties valide indices zijn voor de mate 
waarin sprake is van dyspraktische problematiek. In de klinische praktijk vormt 
een combinatie van scores op bepaalde spraakkenmerken, waarvan plaats-van- 
articulatie een essentieel onderdeel uitmaakt, de beste aanwijzing voor de ernst 
van SOD.
In de Hoofdstukken 4 en 5 wordt de differentiaal-diagnostische waarde van 
“maximale prestatietaken” (MPT) vastgesteld voor spraakontwikkelings­
dyspraxie en spastische dysartrie in kinderen.
Een vergelijking van de prestaties van kinderen met spastische dysartrie en 
normale spraak (Hoofdstuk 4) op MPT toonde aan dat dysartrie wordt 
gekenmerkt door (a) verkorte, aangehouden klanken en klankreeksen, (b) 
verkleind bereik van de grondtoon en (c) trage en variabele repetitiesnelheden 
van syllabereeksen (zogenaamde diadochokinese). Het bleek onmogelijk om alle 
kinderen met spastische dysartrie op basis van een enkel spraakkenmerk van 
normale sprekers te onderscheiden. Echter, ondanks een grote intra-subject en 
inter-subject variabiliteit kon een perfecte classificatie toch worden gerealiseerd 
op basis van gecombineerde scores (composiet z-scores). De 
onderzoeksgegevens maakten duidelijk dat MPT een belangrijke bijdrage kunnen 
leveren aan de diagnosestelling van spastische dysartrie in kinderen.
In Hoofdstuk 5 werden MPT afgenomen bij kinderen met een zuivere vorm 
van spraakontwikkelingsdyspraxie ter bepaling van de differentiaal-diagnostische 
waarde van deze spreektaken. Er was sprake van een aanzienlijke overlapping in 
groepsprestaties wanneer naar afzonderlijke MPT-maten werd gekeken. Enkele 
kinderen met spastische dysartrie waren zelfs in staat om snellere 
repetitiesnelheden te realiseren dan normale sprekers. Op basis van specifieke 
combinaties van MPT-maten kon afwijkende spraak worden onderscheiden van 
normale spraak en was een perfecte differentiatie van dysartrie en SOD mogelijk. 
Een combinatie van korte stemgevingsduren en lage repetitiesnelheden van 
mono-syllabische reeksen (bijv. /p a p ap a .../, / ta ta ta . . /  en /kakaka../) wezen op 
een primair dysartrisch aandeel in de spraakproblematiek van kinderen. Een 
sterke indicator voor SOD werd gevormd door problemen in de ordening van 
spraakbewegingen (o.a. lage repetitiesnelheden van tri-syllabische reeksen zoals 
/pa taka.../). De belangrijkste conclusie van deze studie was dat diagnostische 
oordelen op basis van perceptuele spraakanalysen kon worden gekwantificeerd in 
MPT-scores waarmee een objectivering van de diagnose kan worden bereikt.
De klinische validiteit van de diagnostische procedure op basis van MPT werd in 
Hoofdstuk 6 geëvalueerd. De validiteit, in termen van specificiteit en sensiviteit, 
werd bepaald bij aanvullende onderzoeksgroepen met zuivere en gemengde 
vormen van taal-spraakstoornissen die varieerden in ernst van licht tot matig. Een 
vergelijking van diagnostische oordelen op basis van MPT en klinische oordelen 
toonde aan dat beide validiteitsmaten erg hoog waren (boven 89%). Meer in het 
bijzonder, lage repetitiesnelheden bij mono-syllabische reeksen vormden een 
sterke aanwezig voor een dysartrische spraakproblematiek, ongeacht de ernst of 
zuiverheid van de stoornis. Een sensitieve maat ter bepaling van het dyspraktisch 
aandeel in de spraakproblematiek werd gevormd door problemen in de ordening 
van spraakbewegingen. Bij kinderen met niet-specifieke spraakstoornissen waren 
spraaktekorten te duiden als dysartrisch en/of dyspraktisch op basis van de MPT- 
scores. Hiermee werd aangetoond dat de primaire spraakproblematiek bij 
kinderen op een accurate wijze door de MPT-maten kan worden vastgesteld.
In Hoofdstuk 7 werd de validiteit van een computer-ondersteund systeem bepaald 
waarmee de maximale repetitiesnelheden (MRR) op vlotte wijze kunnen worden 
vastgesteld. Op basis van een vergelijkende studie (manuele versus 
geautomatiseerde methode) bleek dat een geautomatiseerde bepaling accurate en 
valide MRR-maten oplevert. Daar het gebruik van een geautomatiseerde 
verwerking van MRR tevens een aanzienlijke tijdwinst oplevert is de methode 
geschikt voor de klinische praktijk. Op dit moment is een commerciële versie 
van een computer-ondersteunde analysemethode voor MRR beschikbaar. Hoewel 
dit computer programma (Motor Speech Profile, CSL, 1997) klinisch inzetbaar 
is, blijft aanvullend onderzoek bij grotere onderzoeksgroepen noodzakelijk om 
adequate normatieve gegevens te verkrijgen.
Een vergelijking van groepsresultaten op zowel imitatietaken (betekenisvolle en 
betekenisloze woorden) als maximale prestatietaken worden gepresenteerd in 
Hoofdstuk 8. Deze studie geeft aan dat spraakontwikkelingsdyspraxie niet kan 
worden gediagnostiseerd op basis van één spraakkenmerk. Kinderen met zuivere 
vormen van SOD laten zich evenwel typeren op basis van combinaties van 
spraakkenmerken. Ook bij onderzoeksgroepen die niet op basis van een 
dyspraktische problematiek waren geselecteerd bleek sprake van een 
dyspraktisch aandeel in de taal-spraakproblematiek, hoewel meestal in lichte 
mate. Deze gegevens bevestigen de generaliseerbaarheid van de diagnostische 
procedures en vormen een pleidooi voor de inzet in de klinische praktijk.
De resultaten van studies in dit proefschrift hebben aangetoond welke objectieve 
criteria specifiek zijn voor spraakontwikkelingsdyspraxie. Enkele criteria vormen
tevens een accurate graadmeter ter bepaling van de ernst van de 
spraakontwikkelingsdyspraxie. Hiermee zijn de belangrijkste bouwstenen voor 
de constructie van een articulatie-test gevormd. Ter bepaling van de klinische 
bruikbaarheid van procedures en criteria voor differentiaal-diagnostiek is 
verdergaand onderzoek bij grotere onderzoekspopulaties alsmede bij kinderen 
met andere taal-spraakproblemen van belang. Er werd reeds enige ervaring 
opgedaan met het gebruik van de kwantitatieve oordelen als uitgangspunt en 
richtlijn voor behandeling alsmede de evaluatie van therapie-resultaten. 
Klinische trials op grotere schaal zijn evenwel noodzakelijk om de 
therapeutische consequenties van de ontwikkelde spraakdiagnostiek in kaart te 
brengen.
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